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The operative words being more and 
new. The key word being applied. With 
the introduction of three new laser 
systems, Rofm-Sinar continues to lead 
tire way in developing the kinds of laser 
technologies that can be applied- 
applied to a variety of cutting, welding 
and surface treatment tasks. 

The three new technologies represent 
Rofm's willingness to listen to the needs 
of the industrial marketplace and 
matching those needs by developing 
* ^simple, flexible, reliable and easy to 
use lasers, 

RS 860HF - a high frequency powered 
* 6kW CO 2 laser engineered to achieve 
maximum productivity. High power with 
more stable discharge and greater 
control of the beam. Ceramic electrodes 
have replaced conventional DC anode/ 


cathode to virtually eliminate 
contamination during operation and 
reduce maintenance procedures. 
Compact design minimizes floor space 
and allows for easy Integration into 
automated processing systems, 

DC-020 - a diffusion-cooled 2kW CO 2 
laser with correcting optics and 
waveguide structure to generate high 
beam quality. The diffusion-cooled 
design eliminates the need for complex 
gas circulation and associated cooling 
systems. Hie system requires virtually 
no gas - less than one liter versus 95 
liters/hour for units in the same power 
range. The construction minimizes 
moving parts, which greatly reduces 
maintenance schedules, 

CW-020 - a 2kW CW Nd:YAG laser for 
both cutting and welding applications. 


Simple and compact with high power 
and high beam quality. Three ways of 
delivering output for processing flexibility 
- continuous wave, pulsing or a 
combination of both. Includes a new 
fiber optic beam delivery system with 
sensors to detect heat build up for safety 
and a newly-designed connector to mini- 
mize power loss at the fiber interface. 
Rofm-SincU' Laser - where the words 
more and new are actually applied. 
Rofin-Sinar, Inc. 

45701 Mast Street, Plymouth. Ml 48170 
313/455-5400, FAX: 313/455-2741 
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GET SOME STRUCTURE IN YOUR LIGHT! 


3549 Ashby 

St. Laurent, Quebec Canoda H4R 2K3 
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System integrators know, lighting is more than what meets 
the eye. LASIRIS (pronounced lazuhs] is your laser lighting 
technical expert. Our high power, certified eye safe structured 
light modules make machine vision applications a snap. 

0 + 


Evenly ijjiiminated lines, circles, dot matrix & custom 
patterns f# 3D contour mapping, edge & defect detection 
and alignment. Featuring: visible & IR wavelengths, 
interchank^^able pattern heads, focusable to <.002". 
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Discover why a LASIRIS line is the shortest 
distance between two points! 

800 - 8 ! 4-9552 


Increase your competitive edge with ESCO 

Types: 90°, 60°, dove, cylindrical, trapezoidal 
beam splitters, cubes, wedges, 
Brewster, Littrow. 

Quality: commercial to laser quality 
Sizes: 5 mm to 100 mm 
Custom: various materials and 
shapes 

Coatings: AR and reflective 

Write or Call for Handbook 

Call Toll Free: 1-800-922-ESCO (Except NJ) 

ESCO Precision Optics 

A Division of ESCO Products, inc. 
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(201 ) 697-3700 FAX : 201 -697-301 1 
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Full Spectrum 
’Ustom Standard & OEM 
Optics and Coatings 

From Prototype to Production 


Complete In-House Capabilities 

• Advanced Engineering 

• Extensive UV to FIR Fabrication 

• State-of-the-Art Coatings - Low & High Power 

• SPC and Environmental Testing 

• Unique Assemblies 

Full Spectrum Optical Components & Assemblies 

• Lenses, prisms, retro-reflectors, windows, wedges, interferometer flats, beam- 
splitters, mirrors, filters, output couplers, polarizers, non-polarizers, waveplates and more 

Advanced Coating Designs, Types and Methods 






Coating Designs 
Anti-Reflective: 

• Single & Multi-layer 

• Narrow & Broadband 

• Multi-Wavelength 
Reflective/T ransmissive 

• Partial/Output Coupler 

• Narrow & Broadband 

• Beamcombining 

• Beamsplitting 


Mirror: 

• Protected & Enhanced 

• Phase Retarding 

• Hot & Cold 

• Dielectric-Low/High Power 

Filter: 

• Narrow & Broadband 

• Long Wave Pass 

• Short Wave Pass 

• Variable 

• Neutral Density 

• Dichroic-Color Separation 


Polarizing Components: 

• Waveplates- V4 &V 2 Wave 

Standard Zero & Multi-Order 
Achromatic Zero & Multi-Order 

• Cube Beamsplitters 

Low & High Power 
Polarizing & Non-polarizing 
Narrow & Broadband 

• High Power Polarizers 

• Thin Film Plate Polarizers 


Coating T ypes 

• Metallic 

• Dielectric 

• Metallic/Dielectric Hybrid 

• Diamond-Like Carbon (DLC 

• Indium-Tin Oxide (ITO) 

Coating Methods 

• Electron Beam Evaporation 

• Thermal Evaporation 

• Ion-Beam Sputtering 

• Magnetron Sputtering 
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LASER DIODE TI^PIICS 


When your application demands high quality laser diode optics, 
think of Optima. Our 336 Series collimating lenses have been 
used in space systems and in more down-to-earth applications 
like bar code readers, laser pointers, and smoke detectors. 
Whether you need a custom assembly or just an off-the-shelf 
component, we'd like you to consider Optima. Please ask 
for our catalog covering the following items; 

COLLIMATED DIODE LASERS, VISIBLE THRU NEAR-INFRARED 
LASER DIODE MOUNTING KITS 
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y OEMs Move In Our Direction. 


Piezotechnology Nanopositioning Soiutions in x,y,z 




Zygo required 
a compact device to focus 
microscope objectives to 
subnanometer accuracy 
over a 100 /^m range. They 
chose a Physik Instrumente 
PIFOC, off-the-shelf from 
Polytec PI. The result? 

The NewView 100 3D 
Imaging Surface Structure 
Analyzer, Photonics Circle 
of Excellence and R&D 
100 Award Winner. 


When Technical Instrument 
Company needed a precise 
Z-Stage for the KMS300T 
Photomask Inspection 
System, they also called us. 
We responded with a 
custom, 8X8 inch clear 
aperture piezoelectric stage 
providing 30 /tm motion and 
5 nanometer resolution. 

Dozens of companies 
serving semiconductor, 
disk drive and medical 


industries 
Polytec PI for off-the-shelf 
and custom solutions to 
unusual and demanding 
nanopositioning problems. 
We can help you too; with 
over 20 years experience in 
harnessing piezotechnology, 
we have a wide repertoire of 
solutions adaptable to your 
needs at a fair price, 
with reasonable delivery. 
Give us a call. 


East Coast Office: 

23 Midstate Dr, Suite 104 
Auburn, MA 01501 
® 508 832 3456 / FAX 508 832 0506 


West Coast Office: 

3152 Redhill Ave., Suite 110 
Costa Mesa, CA 92626 
® 714 850 1835 / FAX 714 850 1831 


Polytec PI 


Germany: Physik Instrumente (PI) GmbH 
s + 7243 6040 / FAX + 7243 604145 


France: Polytec PI/RMP 
» + 1 4700 2800/ FAX + 1 4700 2904 


Japan: PI Polytec KK 
• + 423 27-5400 / FAX -t- 423 27-5401 


Great Britain: Lambda Photometries Ltd. 
» -f 582 764334 /FAX -h 582 712084 
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SAVANNAH RIVER 
TECHNOLOGY CENTER 

The South Carolina nuclear materials facility is 
embracing a broader mission. 


s the new year gets under way, the 
Department of Energy’s Savannah River 
Technology Cenrer continues to evolve from 
its former mission of almost singly supporting 
the manufacture of materials for nuclear 
weapons to directing its scientific and techni- 
cal talent toward waste management, environ- 
mental restoration, and technology transfer as 
well as national security. 

Dr. Susan Wood, the center’s director, 
describes its new thrust as “the development, 
deployment, and exchange of high-impact 
technologies that fidfill the needs of our inter- 
nal and external customers 
and significantly enhance 
the industrial competitive- 
ness of our nation and the 
economic viability of our 
region.” She adds that “the 
center’s work in fiber optic 
and laser rechnology greatly 
contributes to this mission.” 

This applied research and 
development laboratory is 
located at the Savannah 
River Site near Aiken, South 
Carolina. Operated by 
Westinghouse Savannah 
River Company for the 
DOE, the center houses a 
coherent optical measure- 
ments laboratory and laser 
application laboratory, as 
well as chemical, robotics, environmental sci- 
ences, and instrument development labs. The 
center’s scientists, engineers, and technicians 
use these resources to support all the major 
activities and operating facilities at the site. 

The Savannah River Laboratory, predeces- 
sor to the Technology Center, began using 
lasers and fiber optic technologies for unique 
applications nearly two decades ago. The 
Site’s defense mission provided challenges for 
remote manipulation, measuring, and testing 
of radioactive materials. One example of a 
fiber optic application from the eighties is the 
use of a remote fiber fluorimetry system 
developed to monitor uranium concentra- 
tions directly in the plutonium production 
facilities as part of process control. In this sys- 
tem an optical fiber carried laser radiation to 
a remote sampling point; then an optrode 
(the optical analog of an electrode) coupled 
the laser light into a sample solution. In turn 
the optrode collected emissions from the sam- 
ple and sent them through the same fiber to a 


detector. Multiplexing made it possible to 
analyze several different sampling positions 
with one laser and detector. 

Applying laser technology to environmen- 
tal studies at the Savannah River Site also 
began in the mid-eighties. A series of labora- 
tory investigations on laser-induced fluores- 
cence emission characteristics of pond water, 
alga cultures, and terrestrial vegetation was 
conducted at the Site with the cooperative 
efforts of NASA. In these studies, a NASA 
Airborne Oceanographic Lidar equipped with 
a frequency-doubled Nd:YAG laser with a 


high pulse repetition rate flew a series of mis- 
sions over the Site. Studies included surveying 
an excavated stream basin, mapping the 
spread of a fluorescent dye tag, and metric 
studies of wetland vegetation and forestry 
parameters. 

To furrher the application of laser technol- 
ogy, the Savannah River Technology Center 
established a coherent optical measurements 
laboratory. This facility provides Site support 
in visual nondestructive examination, experi- 
mental mechanics including validation of 
computer stress analysis, vibration and 
dynamics measurements, and metrology. The 
emphasis of the lab is on such coherent opti- 
cal methods as holographic and speckle inter- 
ferometry, laser Doppler vibrometry, and sim- 
ilar optical interferometric techniques. 

One idea being developed in this lab is a 
laser-based method of measuring residual 
stresses. This technique is based on heating a 
small spot with a modestly powered infrared 
laser and using an electronic speckle-pattern 


interferometer to measure the subsequent in- 
plane displacement. The stress prior to heat- 
ing is computed for the measured displace- 
ment near the heated spot. This method is a 
thermo-optical analog to the blind hole- 
drilling technique that is commonly used for 
residual stress measurements. However, this 
new method is totally nondestructive, since it 
does not require removing material. Also, 
although the material is heated in the process, 
the temperature increase is relatively small. 

Demonstration experiments have been per- 
formed with tension specimens constructed 
from austenitic stainless 
steel. The specimen was 
mounted in a load frame and 
placed under a predeter- 
mined load that defines the 
tensile stress. Once the load 
was established, the ends of 
the specimen were fixed so 
that only local displacements 
were possible. The electronic 
speckle-pattern interferome- 
ter captured an image of the 
illuminated region, which 
was then stored in the com- 
puter. A small spot in the 
center of the region was 
heated for a few seconds and 
then allowed to return to 
room temperature. The peak 
temperature for these experi- 
ments was approximately 200 °C. 

As the specimen was heated, the yield stress 
of the heated area declined. When that stress 
fell to a value below that of the local stress, a 
minute amount of plastic local deformation 
occurred. After cooling, a second image was 
collected and subtracted by the computer 
from the first image. This subtraction process 
generates the fringe pattern, which when ana- 
lyzed provides the resultant strain. As in 
blind-hole drilling, it was the displacement 
surrounding the disturbed area that was 
determined. 

Three-dimensional finite element analyses 
(FEAs) were performed to predict the thermal 
and mechanical responses for the experimen- 
tal conditions. These analyses are used to 
compute the surface displacements near the 
heated area for a given initial stress state and 
heat load. The analyses include the effects of 
thermal expansion as well as the variation of 
the elastic and plastic properties with temper- 
ature. The final displacements as computed 




Holographic interferometry is employed at Savannah River Technology Center as part of a solid-state 
weld development program. A specimen's hologram is stored on a thermoplastic medium; the spec- 
imen is then heated and illuminated by laser light, and viewed through the hologram. Fringes formed 
by thermal expansion show discontinuities or inhomogeneities, indicating weak bonds. 
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by the FEAs were compared with the elec- 
tronic speckle-pattern interferometer mea- 
surements, yielding excellent agreement 
between theory and experiment. 

Lasers Serve Robotics 

Engineers at the center are also applying 
laser technologies in several robotics system- 
for use in various operations throughout the 
Site. An example is the Mobile Automated 
Characterization System (MACS). 

MACS is a software navigation system 
enabling a mobile robot to monitor and con- 
trol its location. The system uses retroreflec- 
tive targets placed at designated known fidu- 
cial points in the area to be navigated by the 
robot. The robot is equipped with a rotating 
device that transmits a Class llIB laser beam. 
The laser sweeps the series of retroreflective 
targets at the fiducial points. MACS inter- 
prets the reflected beams to determine the 
dual-axis location of the robot. The transmit- 
ting device rotates at 4 Hz. By monitoring the 
robot’s distance from multiple fiducials four 
times each second, the system provides an 
extremely precise, real-time determination of 
the robot’s location. 

Previously, K2A robots (such as the 
Savannah River Site’s SIMON and SWAMI) 
were limited to using sonar technology with 
building structures to monitor a robot’s posi- 
tion. The robots needed to bounce their sonar 
continually off nearby objects to enable them 
to find their way. MACS employs the sonar 
technology in structured areas, but has the 
added advantage of employing this lidar tech- 
nology in open, unstructured areas. MACS 
has been successfully tested and enables a 
robot at the Savannah River Site to navigate 
an area independently while monitoring the 
space for radioactivity. 

I'he scientists and engineers in the center’s 
robotics lab recently tested a Class II laser line 
projector with a black-and-white camera on 
glossy black drums to determine the feasibili- 
ty of detecting drum dents and bulges. Initial 
indications are that the system will be able to 
capture usable data while staying within the 
Class II restriction. 

Another example of applying laser tech- 
nologies to robotics systems has affected a 
cooperative research and development agree- 
ment (CRADA) between Westinghouse 
Savannah River Company and PaR Systems, 
Inc. PaR Systems sells complex robotics sys- 
tems to large industries such as the nuclear 
industry. Through this CRADA, PaR Systems 
will provide software and train Westinghouse 
Savannah River employees to write robot con- 
troller applications. The employees will write 
two such applications and transfer them to 
PaR Systems. 

The applications are force-control saw cut- 
ting and standoff-control torch cutting. The 
second uses a laser sensor that enables a robot- 
ics arm to achieve the proper standoff dis- 
tance while using a plasma-arc cutting torch. 


This technology can be used for remote cut- 
ting of metal containers and other large pieces 
of metal. It has great potential for reducing 
the volume of solid wastes, whether haz- 
ardous, mixed, or radioactive. 

Laser technologies are not the only pho- 
tonics technologies being developed at the 
center. Fiber optic systems make possible real- 
time on-line chemical process conrrol and 
environmental monitoring. 

The Site developed and installed its first 
fiber optic sensor system more than a decade 
ago. Among the pioneers in rhis field, the 
center has now expanded its capabilities and 
advanced development to a fourth-generation 
system. Center scientists have developed qual- 
ity analytical capabilities in ultraviolet, visi- 
ble, and near-infrared spectroscopy. 

The Site integrates process interfaces and 
fiber optic probes, spectrophotometers, opti- 
cal multiplexers, instrument controllers, and 
software for multivariate calibration and 
instrument operation into systems for 
remote, real-time, on-line in situ chemical 
process analysis. 

An optical multiplexer is used to select the 
desired process locarions for sample measure- 
ment. Fiber optic cables carry light from the 
lamp from the multiplexer to the process 
interfaces at the sample sites. The light 
returns through the multiplexer to a spec- 
trometer, which measures the wavelength and 
quantity of light that interacted with the sam- 
ples. These measurements are displayed as 
spectra. Each is interpreted by the instrument 
controller and converted to useful process 
information. The specific chemical com- 
pounds and process conditions determine the 
process interfaces, spectrometer, lamp, and 
optical fibers. 

The site-developed software runs in a DOS 
environment to perform multivariate calibra- 
tion and instrument operation. Multivariate 
analysis software generates models for real- 
time on-line chemical measurements in a 
dynamic environment. 

The fiber optic multiplexer gives users the 
capability to measure 20 or more on-line 
process locations in addition to standard and 
reference positions. Standard positions make 
real-time quality-assurance measurements at 
user-selected intervals. The reference position 
corrects system changes such as detector sen- 
sitivity and lamp drift. It also permits the user 
to make new reference measurements without 
the interruptions associated with cleaning and 
refilling a process interface with reference 
material. 

Process interfaces and probes allow fiber 
optic spectrometers to examine samples in 
situ. The center developed interfaces to mon- 
itor chemicals in tanks, pipes, and wells and 
to examine materials such as textiles moving 
through a process. Each interface provides 
unique features that allow light to interact 
with particular sample types. For example, 
the interfece for measuring solutions with a 


high-solid content includes a self-cleaning fil- 
ter element. Additional process interfaces can 
measure gases, liquids, and solids. 

Another area of fiber optic development at 
the center is flow-injection analysis, a tech- 
nique to automate the analysis of solution 
chemistry. A unique flow cell has been 
designed using sol-gel indicator technology. 
The acid-based indicator Bromophenol Blue 
is used as the color reagent in a sol-gel glass 
matrix to measure the pH of aqueous solu- 
tions in a range of 4 to 7. Preliminary results 
indicate resolution of 0.25 pH units or better. 

The sol-gel indicator is completely 
reversible and reusable, appears to be robust 
and dependable, and remains intact in the 
thin layer of sol-gel on the windows of the 
flow cell for an extended period of time. 
Development work is underway to examine 
additional indicators to expand and broaden 
the pH range and to determine other ions of 
interest, including heavy metals and priority 
pollutant organic compounds. 

Building Technology 
Partnerships 

The scientists, engineers, and technicians 
of the Savannah River Site have developed 
significant applications in laset and fiber optic 
technologies, as well as many other fields. 
Patent disclosures from Site scientists and 
engineers number more than 1700 since 
1989. More than 50 licensee applications are 
pending for use of Site-developed technolo- 
gies by industry. 

Savannah River offers many opportunities 
and a variety of vehicles for sharing its tech- 
nology and scientific talent. Partnerships can 
be formed through the use of CRADAs, user 
or deployment centers, work for others, per- 
sonnel exchanges, direct technical assistance, 
licensing, and integrated demonstrations. 
Advancements in technology are being made 
through strong partnerships with industry, 
educational institutions, local communities, 
and federal and state agencies. ■ 



Savannah River Technology Center scientist Stanley 
Nave demonstrates a sol-gel analytical probe. The 
indicator produces a particular color when it reacts 
with a desigrtated chemical. 
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Resource Report 


CEBAF’S 

FREE-ELECTRON LASER 

A Unique User Facility Struggles to be Born 



Scientists examining CEBAF's superconducting nio- 
bium cavities, which would drive the planned tree- 
electron laser. 


T o lay observers, the Continuous 
Electron Beam Accelerator Facility 
(CEBAF), located in Newport News, 
VA, might seem to be a complex laboratory 
with an obscure pure-science mission likely to 
bar it from any dual-use role. In fact, it 
promises to be a unique example of coopera- 
tion between government, academia, and 
industty. But as the budget-cutting noose 
tightens around the Department of Energy, 
CEBAF may be forced to go to the mat to 
secure its technology transfer future despite 
its merits. 

As far back as 1976, physicists first envi- 
sioned CEBAF as a basic research laboratory 
to probe atomic nuclei for an understanding 
of the quark structure of matter. After devel- 
opment of a preliminary design, the DOE 
called for proposals. In a competition with 
the Massachusetts Institute of Technology, 


University of Illinois, Argonne National 
Laboratory, and the National Bureau of 
Standards, the contract went in 1984 to a 
consortium, the Southeastern Universities 
Research Association (SURA), now number- 
ing 41 academic partners. Construction 
began in 1987, and the first experiment took 
place last year as scheduled. 

Currently CEBAF has a scientific and tech- 
nical staff of 400. Facilities include class 100 
clean rooms, wet chemical etching, a thin 
film deposition laboratory, high-vacuum elec- 
tron beam welder, and more. Managed and 
operated under a DOE contract by SURA, 
the facility represents a $600 million invest- 
ment by the federal government, the 
Commonwealth of Virginia, the City of 
Newport News, several foreign contributors, 
and the US nuclear physics research commu- 
nity. The 200-acre site includes federal, state, 
and SURA land. 

Beginning in 1990, CEBAF has identified 
ways its technologies could be exploited for 
industrial development. An Industrial 
Advisory Board (LAB) was set up to examine 
how the facility — its superconducting accel- 
erator cavities, real-time control system soft- 
ware, accelerator-driven light source, cryo- 
genic systems, magnet technology, accelerator 
diagnostics, particle detectors, and data 
acquisition systems — could participate in 
technology transfer initiatives. One area sin- 
gled out was a free-electron laser (FEE) user 
facility for materials processing. 

The next step was the formation of a Laser 
Processing Consortium, which brought such 
leading US firms as DuPont, 3M, IBM, 
Xerox, AT&T, Newport News Shipbuilding, 


and Northrop-Grumman into partnership 
with CEBAF and several SURA universities, 
including Virginia Polytechnic Institute, 
Hampton, Old Dominion, the College of 
William and Mary, and the Universities of 
Delaware, Virginia, and North Carolina State. 
Together these entities formulated a proposal 
that CEBAF’s superconducting radio-frequen- 
cy cavities be employed as a driver for high- 
power FELs, which could supply tunable, 
monochromatic laser light for industrial-scale 
processing. A peer review by a panel sponsored 
by NASA Administrator Dan Goldin last year 
confirmed the significant potential of the FEL 
light for industrial processing, calling the pro- 
posal “a model for an industry/national labo- 
ratory/university partnership.” 

A Wealth of Applications 

As currently planned, CEBAF’s FEL facili- 
ty would provide 1-3 kW of laser light broad- 
ly tunable over two wavelength ranges: 1-20 
pm and 190-350 nm. Consortium industry 
members point to a number of industrial 
applications, some already demonstrated in 
their corporate laboratories using convention- 
al lasers. Among them are: 

• Surface modification of polymer film, 
fiber, and composite products; 

• Micromachining and surface finishing of 
metals, ceramics, semiconductors, and 
polymers; and 

• Materials analysis and process monitor- 
ing instrumentation. 

But the experience of members often is 
that in-house lasers are not adequate to mak- 
ing these applications commercially viable — 
thus their interest in a user facility. According 
to the CEBAF sources, its FEL facility could 
provide laser light for process development 
and testing at high power, lower unit cost, 
and more tunability than those currently 
available. In addition, it would further the 
advance of high-power FELs themselves 
toward commercialization. 

Consortium members who currently use 
wet chemistry to impart specific surface prop- 
erties such as adherence and compatible met- 
allization characteristics to polymers have 
found that deep-UV radiation using excimer 
lasers is a workable alternative. Patents have 
been obtained for laser processes, all with 
high market potential given a powerful indus- 
trial laser, to do the following: 

• Improve the adhesion of metals on poly- 
mers for electronic applications; 

• Improve the adhesion of polymer films 
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A schematic view of the layout of the proposed free-electron laser at CEBAF. 
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in packaging applications; and 

• Add microtexturing to fibers and film 
for better adhesion in composite 
products, improving their efficiency as a 
filter material. 

Of interest to consortium members who 
manufacture semiconductor, photonic, and 
magnetic materials would be the high-aver- 
age-power infrared laser lines. They would 
make possible important nonlinear spectro- 
scopic techniques with these applications: 

• Basic characterization of complicated 
materials growth processes; 

• Production-quality control monitoring; and 

• Nondestructive testing of intermediate 
or final products. 

Commitments from consortium indus- 
tries, the Commonwealth of Virginia, univer- 
sities, and the City of Newport News already 
total $27 million. The state has pledged $5 
million and Newport News $12 million for 
an Applied Research Center building, and 
industry in-kind contributions total $10 mil- 
lion. A conceptual team is at work to opti- 
mize the PEL design; with industry participa- 
tion, it aims to minimize cost and technical 
risk, provide reliable cost and scheduling esti- 
mates, and prepare the final design report. 

Work that will accelerate the projects com- 
pletion when fully funded has begun at 
CEBAF and in the labotatories of both indus- 
try and university members of the consor- 
tium. With Commonwealth funding, 
CEBAF is constructing a continuous-wave 
photoemission electron gun, a key compo- 
nent in the PEL driver accelerator. The tech- 
nology is also used in CEBAF’s main acceler- 
ator, dedicated to nuclear physics. At the 
same time DuPont is funding laser applica- 
tions studies at three consonium universities, 
the Aerospace Corp. is collaborating with 
CEBAF on FEE micromachining applica- 
tions, and several CRADAs for FEL-related 
design studies this year are being negotiated 
with consortium industry partners. 

But in spite of possessing all the ingredients 
for apparent success, in particular the crucial 
cooperation between government, industry, 
and academia, the project has yet to receive a 
commitment of federal financing. The Laser 
Processing Consortium puts the total antici- 
pated federal cost at about $27 million for a 
three-year construction project for the laser 
system. 

An Uphill Battle 

A recent National Academy of Sciences 
review panel recommended that the DOE 
fund a uset facility operating only at far- 
infrared (10-1000 micrometer) wavelengths. 
That group’s mandate was confined to the 
study of facilities for scientific research alone, 
not industrial applications, but sources at 
CEBAF fear that the report’s impact will 
reach beyond its mandate, creating furthet 
obstacles. 

Surely, any new Department of Enetgy 


funding initiative feces an uphill battle in the 
current fiscal climate. On December 20 
Energy Secretary Flazel O’Leary announced 
that the department will cut $10.6 billion 
from its budget over the next five years. 
Within the department, it has been the Basic 
Energy Science (BES) direaorate that has 
funded the development and operation of 
existing synchrotron light-source user facili- 
ties, and BES underwrote the NAS review. But 
the directotate teceived $40 million less than 
requested for its fiscal year 1995 operating 
budget, and existing BES user facilities want 
to increase their budgets to meet customer 
demands. So the outlook for any new DOE 
money for CEBAF’s FEL is at best uncertain. 


But for Frederick Dylla, CEBAF’s 
Technology Transfer Manager and also man- 
ager of the FEL program, the spirit of collab- 
oration that marks CEBAF’s ties with state 
and local governments and its industrial part- 
ners make it a first-class example of the kind 
of project that enhances US industrial com- 
petitiveness and leverages existing national 
laboratory resources. More important, he 
says, CEBAF’s industrial partners believe this 
to be true. CEBAF and the consortium part- 
ners will continue working with DOE and 
other federal agencies on a funding plan 
because, as he puts it, “the project is such a 
wonderful idea, it is not a question of //it will 
be funded, but only of when.” ■ 
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Gigabit Transparent Optical ATM Packet-Switch Node 

An optically transparent packet-switching node operating at 1 .3 micrometers yields 
multigigabit-per-second transmission rates. 

Rome Laboratory, Photonics Center, Griffiss Air Force Base, New York 


A transparent optical node operating 
at a wavelength of 1 .3 micrometers has 
been developed for an asynchronous- 
transmission-mode (ATM) packet switch 
operating at 1.24416 gigabits-per-sec- 
ond header recognition rates. The node 
is intended for use in two-connected, 
slotted networks, is self-clocking, and 
has drop/add multiplexing, buffering, and 
routing capabilities. Multigigabit data 
rates can be realized in transmission by 
such nodes in space switching transpar- 
ent optical networks, since these nodes 
are connected by dedicated fiber links. 
The limitation in the bit rate is a result of 
electronic control of the switching nodes, 
since routing computations must be per- 
formed within the duration of an incom- 
ing packet. Thus it is very desirable to 
have extremely simple node structures 
with low loss and simple control, while 
still providing good throughput-delay 
performance. 

A new node structure (see figure) with 
a single transmitter TX and receiver RX 
employing deflection routing is proposed 
for use in two-connected, slotted net- 
works, /.a, two input and two output 
bus lines with dedicated time slots for 
packets to occupy. In this configuration, 
only three 2X2 optical switches are 
used, the theoretical minimum of all pos- 
sible single-buffer all-optical-node 
schemes, for a node capable of trans- 
mitting to or receiving from either chan- 
nel. Without the one-packet fiber delay 
loop memory M, it would be a 3 X 3 
completely nonblocking switch. 

Packets entering the node at inputs i1 
or i2 are perceived by the controller in 
one of five possible ways: empty (E), for 
the node (FN), caring to exit on output o1 
(Cl), caring to exit on output o2 (C2), or 
don't care (DC), /.a, both outputs pro- 
vide equivalent shortest-paths to their 
destination. Deflections occur when 
packets at the input of SW3 vie for the 
same output. When packets at inputs i1 
and 12 are FN, one is missed. The objec- 
tive of the controller is to maximize the 
node's throughput by minimizing the 
number of deflections or misses. Switch 
SW2 is just transmission/reception, and 


routing switch SW3 is controlled with a 
simple nonpriority hot-potato routing of 
its input packets. 

The throughput vs. offered load (/.a, 
the probability of having a packet ready at 
TX at each clock cycle or packet slot) for 
a 64-node ShuffleNet in uniform traffic 
has been theoretically evaluated. A com- 
parison was made between the through- 
put of this node with one loop memory M, 
of nodes with no delay loop memory M 
(;.a, hot-potato routing where the net- 
work itself becomes the buffer), and of 
nodes with infinite-buffers (/.a, store-and- 
forward S&F such as can be approached 
by all electronic node structures). The 
results show that at full offered load, the 
proposed node structure yields 71% of 
the maximum S&F throughput, while the 
node with no delay loop memory yields 
only 52%. This is a 37% increase in 
throughput at the cost of building only a 
slightly more complicated controller. 


The transparent optical node was 
constructed with three lithium niobate 
(UNbOg) electro-optic crossbar switches 
(SW1 , SW2, SW3) and an integer pack- 
et length of optical fiber for the purposes 
of routing, buffering, and drop/add mul- 
tiplexing of incoming packets. The 
LiNbOg switches were measured to have 
average fiber-to-fiber losses of -6.4 dB 
for an overall loss of -1 9.2 dB for a pack- 
et traversing all three switches. Such a 
loss can be reduced significantly by 
improving the fiber splice connections 
within the node structure; alternatively, 
power levels can also be restored by an 
optical amplifier placed at the bus output 
ports of the node. 

For experimental demonstration, a 
four-node banyan interconnect was 
assumed for routing purposes. Address 
recognition of packet structures consist- 
ing of a 5-byte header field and 48-byte 
data field was performed at a 1.24416- 
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Schematic diagram of Optically Transparent Packet-Switch Node Structure and four- 
node two-connected banyan interconnect topology. 
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gigabit-per-second nonreturn-to-zero 
header rate. The address signals of inter- 
est were detected by tapping off a por- 
tion of the incoming signal power with an 
optical fiber bidirectional coupler. The 
power in the address recognition portion 
of the signal is sent through an optical 
fiber 1 X 4 divider and delay structure for 
parallel detection of four bits of informa- 
tion in the header field. 

Every incoming packet structure, 
including empty packets, begins with a 
two-bit-wide framing pulse in the header 
field. This pulse is used for self-clocking 
of packets entering the node and for 
maintenance of overall network synchro- 
nization. Since the framing pulse must be 
sent with every packet time slot, an 
address bit in the header field determines 
whether or not an empty packet has 
been sent in the slot. The destination 
address of the packet is then a two-bit 
binary combination JK signifying each 
node in the four-node interconnection. 


A back-side-illuminated silicon 
charge-coupled device has been fabri- 
cated that exhibits nearly 100% internal 
quantum efficiency in the near ultraviolet, 
by using molecular beam epitaxy to grow 
a thin crystalline-silicon layer that con- 
tains a high concentration of boron (p- 
type dopant). By confining the dopant 


atoms to one or a few atomic layers in 
the silicon lattice, the concentration-vs.- 
depth profile can be made to resemble 
the Dirac 5 function, and the resulting sil- 


Prior to entering the node, the packet is 
buffered by a length of optical fiber, while 
the state of the three LiNbOg switches is 
set according to the routing algorithm. In 
this manner, fully functional routing, 
buffering, and transmission/reception of 
packets appearing simultaneously at 
inputs i1 , i2, and TX was demonstrated 
at the 1 .2441 6-gigabit-per-second head- 
er recognition rate. 

This work was a collaborative research 
effort between R.K. Boncek, J.L Stacy, 
and H.F. Bare of the Air Force Photonics 
Center, Rome Laboratory, Griffiss Air 
Force Base, New York, and RR. Prucnal, 
A. Bononi, and J.R Sokoloff of the 
Department of Electrical Engineering at 
Princeton University, Princeton, New 
Jersey. No further information is available. 

Inquiries concerning rights for the 
commercial use of this work should be 
addressed to Rome Laboratory, Office 
of the JA, Griffiss Air Force Base, New 
York 13441. 


icon layer is said to be “8-doped.” In the 
CCD, the 5-doped layer is located at the 
back surface of a thinned commercial 
device (EG&G Reticon RA051 2J). The 6- 
doped layer is formed by stripping the 
native oxide from the CCD and deposit- 
ing boron atoms on the heated silicon 
surface, foliowed by growing a thin layer 


of crystalline silicon to encapsuiate and 
protect the dopants from oxidation. 

Previously, the growth of thin, precise 
films by molecular-beam epitaxy on the 
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Growth of 5-Doped Layer on Silicon CCD 

Response to ultraviolet light is enhanced. ' 

NASA’s Jet Propulsion Laboratory, Pasadena, California 
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Figure 1 . The Potential Well on the back side of a non-5-doped, back-side-illuminated CCD 
traps charge carriers that are photogenerated near the back side. Because most ultraviolet 
photons are absorbed near the back side, this effect reduces or eliminates the response of 
the device to ultraviolet. 
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back sides of preprocessed CCD’s was 
not feasible because of the high process- 
ing temperatures that were used. Two 
developments have made it possible to 
decrease the processing temperatures to 
such an extent that now the required pre- 
cise 6 -doped layer can be formed. The 
first of these developments is a sub- 
strate-cleaning process in which an 
atomically clean silicon surface can be 
prepared at a temperature as low as 
200 °C. The previous substrate-cleaning 
process for molecular-beam epitaxy 
required a temperature >800 °C. 

The second development Is a commer- 
cial high-temperature Knudsen cell for the 
evaporation of elemental boron. By use of 
this cell, one can grow a highly p-doped 
epitaxial layer of silicon at a temperature 
<450 °C. Previously, p doping of silicon in 
molecular-beam epitaxy was obtained by 
evaporation of compounds like HBO 2 and 
B 2 O 3 , and it was necessary to heat the 
device to a temperature of >550 °C to 
prevent incorporation of oxygen into the 
growing layer of silicon. 

An explanation of some of the physical 
effects that occur in the CCD is prerequi- 
site to an explanation of the improvement 
afforded by the 5-doped layer. The oxide 
layer on the back side Is nonuniform In 
thickness, composition, and density of 
defects, and generally exhibits a substan- 
tial fixed positive electric charge. This 
charge bends the conduction and valence 
electron-energy bands downward, form- 
ing a potential well at the back surface. 

The range of absorption depths for 
ultraviolet photons in silicon is such that 
photogeneration of electron/hole pairs 
occurs within 4 to 60 nm of the illuminat- 
ed (in this case, the back) surface. The 
potential well at the back surface traps 
most of these photogenerated charge 
carriers. The back-surface oxide is full of 
interface quantum states and localized 
traps in which most of the charge carriers 


are annihilated by recombination of elec- 
trons and holes. The net result is low 
quantum efficiency and low sensitivity of 
the CCD under ultraviolet illumination. 

In principle, a 8 -doped layer one atom- 
ic layer thick would give rise to a dipole 


layer of charges less than 0.5 nm wide, 
nearly eliminating the back-surface 
potential well. Figure 2 shows the mea- 
sured quantum efficiency of two 8 -doped 
CCD’s. The obsen/ed quantum efficiency 
follows closely the silicon transmittance 
curve, which accounts for losses due to 
reflection from the silicon surface and 
absorption in the oxide. These data indi- 
cate that the internal quantum efficiency 
of a 6 -doped CCD is nearly 100% 
throughout the near UV. 

This work was done by Michael £ 
Hoenk, Paula J. Grunthaner, Frank J. 
Grunthaner, Robert W. Terhune, and 


Michael H. Hecht of Caltech for NASA’s 
Jet Propulsion Laboratory. For further 
information, write in 134 on the Reader 
Information Request Card. 

In accordance with Public Law 96- 
SI 7, the contractor has elected to retain 


title to this invention. Inquiries concerning 
rights for its commercial use should be 
addressed to 

William T. Callaghan, Manager 
Technology Commercialization 
JPL-301-350 
4800 Oak Grove Drive 
Pasadena, CA 91 109 

Refer to NPO- 18688, volume and 
number of this Laser Tech Briefs issue, 
and the page number. 
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Figure 2. Measured Quantum Efficiency of Two CCD's is modified with the growth of a 
8-doped silicon layer. The transmittance of silicon, calculated from published optical constants 
of Si and Si02, determines the shape of the observed quantum efficiency spectra. For com- 
parison, the quantum efficiency of an unmodified CCD is also shown in the figure. 


Phased-Array Antenna With Optoelectronic Control Circuits 


Control signals are distributed via optical fibers. 
Lewis Research Center, Cleveland, Ohio 


Phased-array microwave antennas in 
which phase- and amplitude-controlling 
signals are distributed to the radiating 
elements via optical fibers are undergo- 
ing development. A four-element, Ka- 
band (27 to 40 GHz) prototype was 
expected to be completed shortly after 
this article was written. 

Phased-array antennas that contain 
individually controllable elements offer 
the advantages of flexible, rapid elec- 


tronic steering and shaping of beams. 
Furthermore, the greater the number of 
elements, the less the overall perfor- 
mance of an antenna is degraded by a 
malfunction in a single element. In an 
antenna of the type being developed, 
the Ka-band radio-frequency power is 
distributed to each element by a power 
divider (basically a transmission-line 
network). The phase and amplitude of 
the signal radiated by each element are 


controlled by a monolithic microwave 
integrated circuit (MMIC), which 
includes a multiple-bit digitally con- 
trolled variable-gain amplifier and vari- 
able phase shifter. 

Ten or more control signals are need- 
ed for each element. Optical fibers are 
well suited to the distribution of the 
many control signals in the limited 
space available on a typical array 
because they are relatively small and 
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invulnerable to crosstalk. They also offer advantages of light- 
weight and mechanical flexibility. 

The prototype four-element antenna is structured in layers 
(see figure). The topmost layer is a circuit board that distributes 
dc bias and serves as a structural support. The next lower layer 
is a circuit board with the radio-frequency power divider on its 
upper surface and the radio-frequency-ground plane on its 
lower surface. The digital control signals are transmitted serial- 
ly on optical fibers to monolithic optoelectronic interface circuits 
(OEICs), which convert the signals to parallel format compati- 
ble with the MMICs. Each OEIC is adhesively bonded to the 
associated MMIC package and electrically connected via wires 
to the MMIC and to the dc-bias-distribution circuit board. 

The radio-frequency output of each MMIC Is coupled elec- 
tromagnetlcally, through an aperture in the radio-frequency- 
ground plane, to an antenna patch (the associated radiating 
element) on the bottom surface of the structure. Such electro- 
magnetic coupling is very efficient and eliminates the need for 
direct electrical coupling between the power-divider/MMiC 
layer and the antenna-patch layer. 

This work was done by Richard R. Kunath, Kurt A. 
Shalkhauser, Konstantinos Martzaklis, Richard Q. Lee, and 
Alan N. Downey of Lewis Research Center and Rainee N. 
Simons of Sverdrup Technology, Inc. For further information, 
write in 186 on the Reader Information Request Card. 
LEW-15391 



and phase at each radiating element. The amplitude- and phase-con- 
trol signals are transmitted on an optical fiber to an OEIC, then to an 
MMIC at each element. 
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Electronic Systems 


Holographic Helmet-Mounted Display Unit 

This unit wouid be used to deveiop innovative concepts for dispiay of information to piiots. 
Langley Research Center, Hampton, Virginia 


The helmet-mounted display unit 
shown in the figure has been designed 
for use in testing innovative concepts 
for the display of information to aircraft 
pilots. It weighs about 4.8 lb (about 2.3 
kg), but its weight is distributed so that 
the wearer senses no imbalance. It 
operates in conjunction with comput- 
ers that generate graphical displays. A 
magnetic sensory device tracks the ori- 
entation of the unit to provide data for 
variation of displays with the change in 
orientation of the wearer's head. 

The display unit includes two ocular 
subunits containing miniature cathode- 
ray tubes and optics that provide a 40° 
vertical, 50° horizontal field of view to 
each eye, with or without stereopsis. 
Each ocular subunit is adjustable to 
vary the overall horizontal field of view 
from 50° to 100°, with corresponding 
variation in the stereoscopic overlap 
region. The optical components are 
fully color-corrected, though the minia- 
ture cathode-ray tubes are mono- 
chrome; this provides for upgrading to 
color as color display technology 
matures. In a future color application, 
each ocular subunit would include a 
trichromatic holographic combiner 
tuned to the red, green, and blue 


wavelengths of the phosphors most 
likely to be used in the development of 
miniature color display devices. 

This work was done by James R. 
Burley II of Langley Research Center 


and Joseph A. LaRussa of Technology 
Innovation Group. For further info- 
rmation, write in 26 on the Request 
Card. 

LAR-14603 



The Helmet-Mounted Display Unit would offer the flexibility to operate in a variety of modes 
for investigation of human and technological factors in the display of information to pilots. 



Optoelectronic Instruments for Analysis of Surface Defects 

structured-light microscopes are combined with modern data-acquisition and -processing circuits. 
John F. Kennedy Space Center, Florida 


A family of portable optoelectronic 
instruments is being developed to facil- 
itate the inspection of surface flaws like 
gouges, scratches, raised metal, and 
dents on large metal workpieces that 
are subject to surface-finish require- 
ments. Previously, impressions of flaws 
were taken in a polymeric material, and 
the hardened polymeric samples were 
carried to a laboratory, where they were 
sectioned and examined under an opti- 
cal comparator to determine dimen- 
sions of the flaws: this process was 
labor-intensive and took hours for each 
flaw. The present optoelectronic instru- 
ment is brought to the workpiece and 
semiautomatically makes an electronic 


record of the three-dimensional shape 
of a flaw. With this instrument, the 
entire inspection process takes only 
minutes. 

The prototype instrument includes a 
structured-light microscope, which rep- 
resents a variation of a concept that 
has been the basis of a number of opti- 
cal inspection instruments since the 
year 1932. The basic concept involves 
the projection of a known pattern of 
light [one or more line(s) and/or dot(s)] 
onto the surface to be inspected. The 
topography of the surface is then deter- 
mined from the distortion of the pattern 
as viewed through the instrument, by 
use of the known proportionality 


between the distortion of the pattern at 
a given point and the deviation in the 
depth of the surface at that point. In 
this case, the pattern (laser line) is cre- 
ated by a miniature projector located in 
an optical head that is placed upon the 
workpiece at the location of the defect. 
The optical head also contains the 
microscope that is used to view the 
pattern. 

The output of the video camera is fed 
through a cable to a frame-grabber cir- 
cuit board in a desktop computer. The 
computer software enables the techni- 
cian to view the image (whether live or 
frozen) at high resolution on the cath- 
ode-ray-tube display unit of the com- 
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The Optical Head contains a structured-light microscope equipped with a miniature video 
camera. The liquid-crystal display unit provides a low-resolution image that assists in posi- 
tioning the optical head over a surface flaw. 


puter, or at low resolution on a liquid- 
crystal display unit, which is mounted on 
top of the optical head (see figure). The 
low-resolution image helps the techni- 


cian to find the defect and center it in 
the field of view when positioning the 
optical head on the workpiece. 

The computer software provides cur- 


sors that the technician can move about 
in the image for measuring surface 
flaws. (For this purpose, the instrument 
must first have been calibrated against 
known standards.) After an image has 
been captured and the cursors set, the 
computer generates a report in the form 
of an annotated graphical image of the 
flaw. The image can be printed by use of 
a miniature high-resolution ink-jet printer 
and/or stored on a floppy disk. 

The prototype instrument has a mea- 
surement range of about 0.001 to 0.020 
in. (about 25 pm to 0.51 mm) in width 
and depth, with a resolution of about 
0.0002 in. (about 5 pm) and an accura- 
cy of about 0.0005 in. (about 12 pm). 
However, the range of measurement 
can be readily changed simply by 
changing the optics to increase or 
decrease the magnification. 

This work was done by J. David 
Collins, Robert R Mueller, and Richard 
M. Davis of Kennedy Space Center 
and Stuart M. Gleman, Carl G. Hallberg, 
Stephen W. Thayer, David L. Thompson, 
and James E. Thompson of l-NET 
Space Services. For further information, 
write in 21 on the Request Card. 
KSC-11686 



4,000 Frames/Second 

High Speed 
imaging Systems^ 

An exclusive high speed imaging system 
is now available only from Princeton Instruments. 


LASEB- Tecs liJWJS 


CCD Array: 
Masking: 
System: 

Software: 

Call 


EEV 1 152 X 298, imaging area 100 x 298. 

On-chip aluminization, for precise separation of successive frames. 

Princeton Instruments camera and controller software, offering 
maximum performance and minimum noise. 

WinView software, a Microsoft® Windows™ based application 
developed by Princeton Instruments. 

US today for your complete imaging system. 


Princeton Instrumentsjnd 


3660 Quakerbridge Road, Trenton, N.J. 08619 
Tel: 609-587-9797 Fax: 609-587-1970 Call or write for the representative nearest you. 


Efir Here Jaiaantion Write In No. 527 



Optoelectronic Alignment and Ultrasonic Ranging Apparatus 

A beam of light guides alignment, then range is measured by use of ultrasound. 

John F. Kennedy Space Center, Florida ^ ICiTt) C| 


An optoelectronic/ultrasonic appara- 
tus facilitates the three-dimensional 
alignment of a spot on one object with 
respect to a facing (but not touching) 
spot on another nearby object. The 
apparatus was designed to help in posi- 
tioning the external tank of the space 
shuttle between the two solid rocket 
boosters, and should be useful in other 
applications in which one seeks to align 
large components that are to be locked 
together in assemblies. 

The apparatus includes a sensor head 
mounted on one of the two objects that 
are to be aligned with each other. The 
head contains a bright red light-emitting 
diode with a focusing lens that projects 
a spot of light about 3/4 in. (about 19 
mm) wide at a distance of about 1 ft 
(about 30 cm). The light is turned on and 
off at a rate of 1 Hz to increase its visi- 
bility. Alignment in the plane perpendicu- 
lar to the beam is achieved by moving 


the objects relative to each other until an 
alignment mark on the other object 
becomes centered in the beam. 

The sensor head also contains an 
ultrasonic range sensor that measures 
the distance between the two objects by 
the well-known pulse/echo-delay tech- 
nique. This ultrasonic technique was 
chosen over optical and microwave 
techniques because of its lower cost, 
lower risk, and suitability for rapid devel- 
opment. The ultrasonic sensor used in 
the prototype of the apparatus is a com- 
mercial unit that consists of ultrasonic 
transducers connected via a cable to a 
microprocessor-controlled measure- 
ment circuit that produces the distance 
information. 

An added microprocessor is used to 
convert the raw distance to the desired 
units (inches in the original application), 
subtract out the length of protrusion of 
the transducer, and compensate for 


variations in the speed of sound with 
changes in temperature of the air. The 
added microprocessor can also com- 
pute the distance through which a crane 
must move to position one of the ob- 
jects (the external tank). 

The added microprocessor drives a 
16 X 4-character liquid-crystal display, 
indicating distances measured by two 
sensor heads, temperature, and remain- 
ing battery life. Processing and display 
are powered by a 1 2-V nickel/cadmium 
battery. The apparatus measures dis- 
tances with a resolution of 1/16 in. 
(about 1 .6 mm). 

This work was done by J. David 
Coliins and Jorge Rivera of Kennedy 
Space Center and Robert Youngquist, 
J. Steven Moerk, Wiliiam Haskeii, Robert 
Cox, and Kenneth Rose of i-NET. For 
further information, write in 35 on the 
Request Card. 

KSC- 11654 


Dye Laser Pumping with Red-Emitting Diode Lasers 

An efficient, compact diode-pumped dye laser provides battery-powered operation. 

Naval Command, Control and Ocean Surveillance Center, San Diego, California 

Continuous-wave dye lasers are ver- 
satile devices that are useful for a wide 
range of applications. However, the ion 
lasers typically used as pump sources 
are bulky, expensive and inefficient. Dyes 
that operate above 700 nm are pumped 
with a krypton-ion laser whose electrical 
efficiency is 0.05 percent and that fur- 
thermore requires substantial cooling. 

The recent introduction of moderate- 
power red-emitting visible laser diodes 
has provided the opportunity to demon- 
strate a diode-pumped dye laser in the 
700-800-nm wavelength range. These 
diodes have AIGalnP active layers and 
operate between 610 and 690 nm. 

Visible laser diodes are small, light- 
weight, and efficient (typically 15 to 25 
percent). Individual diodes are currently 
available at power levels as high as 
0.5 W. By polarization combination of 
two diodes to produce a single pump 
beam, more pump power can be 
obtained in the red than is available 
from small-frame krypton-ion lasers. 

Furthermore, because of the unique fea- 
tures of the dye jet (100 micrometers 
thick and high absorption coefficient at 
the pump wavelength), efficient scaling 
to high pump-power levels can be 
achieved by angular multiplexing of Dye Laser Output Power as a function of pump power for oxazine-1 . Inset: laser resonator. 
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many individual laser diodes. 

The dye iaser resonator consists of a 
highly reflective (HR) flat and an output 
mirror with a 1 0-cm radius of curvature 
in a nearly hemispherical configuration. 
The dye jet was piaced as close to the 
HR flat as was practical, oriented normal 
to the resonator axis, and located near 
the resonator waist. Initial experiments 
used rhodamine 700 (LD 700) dye. The 
dye concentration was optimized for 
pumping at 670 nm, the emission wave- 
length of the two polarization-combined 
pump laser diodes. The diodes were 
powered by four AA batteries, and the 
oniy additional electrical power con- 
sumed was that required to drive the 
dye-jet pump. 


Other dyes demonstrated in the laser 
were oxazine 750, DOTCI and oxazine 1 . 
The best performance was achieved with 
rhodamine 700 and oxazine 1 . For each 
of these dyes the minimum incident 
threshold power was approximately 5 
mW and the maximum slope efficiency 
was more than 50 percent. The untuned 
output wavelength was approximately 
750 nm. The overall electrical efficiency of 
the diode-pumped lasers is 10 percent. 
With 700 mW of pump power provided 
by a DCM-based dye laser, more than 
360 mW of output power was produced. 

The laser resonator and pump optics 
represent an important advance in the 
operation of dye lasers. Although the first 
diode-pumped dye laser was reported in 


1974, the current generation of visible 
laser diodes has made this technology a 
practical one. Since visible laser diodes 
can emit near the peak absorption point 
of several near-IR-emitting devices, 
diode pumping can be an effective alter- 
native to krypton-ion laser pumping. 

This work was performed by Richard 
Scheps of the Electro-Optics Branch, 
Code 754, of the Naval Command, 
Control and Ocean Surveillance 
Center, RDT&E Division (NRaD). 
Inquiries concerning rights for the com- 
mercial use of this invention should be 
addressed to Harvey Fendelman, Legal 
Counsel for Patents, Code 0012, 
NRaD, San Diego, CA 92152; (619) 
553-3001. 


Ambient-Light Simulator for Testing Cockpit Displays 

A computer-controlled apparatus simulates sunlight, darkness, or lightning on demand. 

Langley Research Center, Hampton, Virginia J 


An apparatus provides iilumination 
from outside, through the windows and 
into the interior of a simulated airplane 
cockpit. The apparatus and cockpit are 
used to evaluate aircraft-instrumenta- 
tion display devices under realistic light- 
ing conditions. 

The apparatus (see photo) simulates 
such diverse lighting conditions as direct 
suniight shining onto the display surface 
through a side window or over the pilot’s 



The Ambient-Lighting Simulator sur- 
rounds the fonward section of a simulated 
airplane. The simulator provides control 
over the intensity, color, and diffuseness of 
solar illumination and of the position of the 
Sun relative to the airplane. 

shoulder, sunlight reflecting from a white 
shirt onto the display surface, the Sun in 
the pilot’s forward field of view at a low 
elevation angle over a deck of clouds, 
darkness, and lightning flashes in a dark 
sky. Illuminance at the pilot’s instrument 
panel can be controlled from darkness 
to over 10,000 foot-candles; luminance 
in the forward field of view can be con- 
trolled to as high as 18,000 foot-lam- 
berts over a small area. 


The apparatus includes a Sun simula- 
tor that comprises several movable 
sources of light with scrolling color filters 
and a diffusing cylinder. The apparatus 
also includes an array of stroboscopic 
lights of various powers, selectable to 
obtain multiple flashes of various inten- 


sities and durations to simulate a main 
lightning flash followed by a trailing 
sequence of flashes. The apparatus is 
controlled by the same computer that 
hosts a software model of a modern 
transport aircraft represented in the sim- 
ulated cockpit. 


Monochromatic 

Illumination 

(Pick a wavelensth. Any wavdensth.) 

■ ■■■aa ' 



Introducing the SEC MIS 1000 — a 
1000 Watt integrated monochromatic 
illumination system. . .with ± 0.2nm 
resolution! 

Cover the spectrum from 180-3000nm 
(and higher) with a Xenon arc source 
(UV-VIS-IR) or Xenon-Mercury source 
(for enhanced UV). 

Enjoy maximum performance from a 
system designed to work as a system: 
with matched optics for uniform out- 
put, and a unitized baseplate for 
mechanical stability. 

Choose form a broad range of 
accessories such as computer 
compatible motorized scan drives, 
sample chambers, optical feedback 
(for unsurpassed source stability), 
shutters, mirrors, and more. 


No other manufacturer can offer 
the combined depth of experience in 
monochromator and source system 
design the SEC offers. Count on that 
expertise for monochromatic illumina- 
tion systems from 150-2500 Watts. 

Call or write today. SEC, 67 Woodland 
Ave., Westwood, N.J. 07675 
Phone: 201-664-0876 FAX: (201) 664-1214 
Offices in Waldbronn, W. Germany, 
Bedford, UK and Les Ulis, France. 
Representation worldwide. 


SPECTRAL ENERGY 


67 Woodland Ave. 
Westwood, NJ 07675 
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This work was done by Vernon M. 
Batson and Lawrence E. Gupton of 
Langley Research Center. Further 
information may be found in AIAA paper 
90-3146, “Design, Dev^lo^r^^ ^nd 


Testing of an Ambient Lighting Simulator 
for External Illumination of a Transport 
Simulator Cockpit. ” 

Copies may be purchased [prepay- 
ment required] from AEROPLUS, 


Burlingame, California 9401 0, Telephone 
No. (800) 662-2376, Fax No. (415) 259- 
5047. 

LAR-14668 



Frequency-Resolved Optical Gating for 
Laser Pulse Measurement 


The compact device measures intensity and phase of the ultrashort pulses crucial 
for quantum-control experiments. 

Sandia National Laboratories and Los Alamos National Laboratory 


Frequency-resolved optical gating 
(FROG) is an intuitive, self-contained, and 
general technique that measures the full 
time-dependent intensity and phase of 
an individual ultrashort laser pulse. FROG 
solves a long-standing problem in optical 
science, and is now being used by 
experimenters attempting to attain com- 
plete control over chemical reactions. 

FROG utilizes the concept of a spec- 
trogram from the field of acoustics, 
gleaning information from spectra of 
slices of the pulse created by gating the 
pulse with itself. It then reduces the 
mathematics to two-dimensional phase 
retrieval, a well-known solved problem in 
image science, to determine the pulse's 
time-dependent intensity and phase evo- 
lution. 

The commercial FROG apparatus, 
which measures about one foot by two 
feet by seven inches, consists of mirrors, 
mounts, polarizers, a prism or grating, a 
camera, and a computer. It can measure 
the average over many laser shots or a 
single ultrashort pulse. 

One version of FROG uses a polariza- 
tion gate arrangement. Specifically, a 
pulse is split into two replicas, one of 
which (the gate) has its polarization rotat- 
ed by propagating along an out-of-plane 
path. The other (the probe) propagates 
through crossed polarizers, maintaining 
its polarization until the second of the 
polarizers rejects it. The pulses are 
focused and cross at a small angle in a 
very rapidly responding nonlinear optical 
medium, typically quartz, located 
between the crossed polarizers. The gate 
pulse induces an excitation in this medi- 
um, which rotates the polarization of the 
probe pulse. A spectrometer then dis- 
perses this slice of the probe pulse so 
that a camera can record its spectrum. 
The relative delay between the two puls- 
es is scanned; as the gate pulse is 
scanned, it slices out a different piece of 
the probe pulse. The spectrum is then 
measured for each slice. As a result, 
spectra for all possible slices of the pulse 
are measured. 


In single-shot FROG, a cylindrical lens 
focuses both pulses to line-shaped 
beams in the nonlinear optical medium, 
where they cross at a large angle. This 
maps the relative delay between the 
pulses onto position in the medium. On 
one side, pulse A precedes pulse B, 
whereas on the other side pulse B pre- 
cedes pulse A. A spherical lens then 
images the beams at the nonlinear medi- 
um onto the spectrometer's entrance slit. 
The relative delay between the pulses is 
thus mapped onto position at the slit, 
and after spectral dispersion by the 
spectrometer, the wavelength of light 
varies in the perpendicular direction. 

The spectrometer's optics image the 


slit onto the camera, at which delay is 
scanned in one direction and wavelength 
in the other. As a result, the full experi- 
mental trace of intensity vs. wavelength 
and delay is measured in one laser shot. 
The measured FROG trace is then run 
through a two-dimensional phase- 
retrieval algorithm to yield the pulse 
intensity and phase vs. time. 

Researchers in diverse areas, including 
physics, biology, and engineering are 
expected to benefit from this technique. 
In research projects ranging from elec- 
tronic component deveiopment to DNA 
research, fundamental events occur on 
time scales that can be measured only 
with ultrashort pulses. 



Time Delay (fsec) 


A FROG trace (intensity vs. wavelength and delay) for a relatively smooth ultrashort laser 
pulse. More complex pulses would yield traces with additional structure. 
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Of perhaps the greatest potential is the device's usefulness to 
chemists, specifically the coherent control community. Coherent 
control researchers are already working with FROG, their goal 
being to control chemical reactions completely using laser 
beams. Accomplishing this would mean that, for example, a 
chemist attempting to combine AB + CD to produce ABC + D 
could consistently do so, rather than producing the various 
other possible combinations. 

Because chemicai reactions occur so quickly, controlling 
them requires ultrashort laser pulses of specific shapes and 
phases. Logically, a researcher must first know a pulse's phase 
and amplitude in order to determine the transformations neces- 
sary to tailor it for optimal reaction control. FROG, as a mea- 


surement and diagnostic tool, can be used to optimize ultra- 
short pulses for specific reactions. It both helps determine the 
modulation necessary to transform one pulse into another, and 
verifies that the desired optical waveform has been produced. 

This work was performed by Rick Trebino and Kenneth 
DeLong of Sandia National Laboratories and Dan Kane of 
Los Alamos National Laboratory. The invention has been 
iicensed under an exclusive arrangement; however, inquiries 
concerning commercialization of variations on it can be 
directed to T. Michal Dyer, Sandia National Laboratories, 
California Technology Transfer 8800, RO. Box 969, 
Livermore, CA 94551; (800) 294-TEKT; FAX (510) 294-3422; 
e-mail: tech transfer.info@sandla.gov. 


Improved Microwave Fiber-Optic Link 

Microwave signals can be transmitted long distances with high stability. 
NASA’s Jet Propulsion Laboratory, Pasadena, California 




High-stability transmission of microwave signais along fiber- 
optic cable has been achieved in experiments by extending 
previously developed high-stability fiber-optic techniques to 
microwave frequencies. This system uses an external modula- 
tor to amplitude-modulate the intensity of light from a continu- 
ous wave (CW) laser at various frequencies from 2 to 1 2 GHz. 
The CW laser used in the experiments comprised a neodymi- 
um:yttrium aluminum garnet (Nd:YAG) laser pumped by a 
semiconductor laser diode. The external modulator was a lithi- 
um niobate traveling-wave electro-optical Mach-Zehnder inter- 
ferometer. The phase noise of this system is -1 1 0 dBc in a 1 Hz 
bandwidth, 1 Hz from an 8.4 GHz carrier. The modulated 
optical signal was transmitted over a 29-km fiber-optic cable 
connecting two Deep Space Stations in the NASA/JPL 
Goldstone Deep Space Communications Complex (DSCC). 
The signal-to-noise ratio of the signal after transmission was 
> 100 dB»Hz and the Alan deviation was 1 x 10"^® for 1,000 
seconds averaging time. 

The high power output and narrow linewidth of the Nd:YAG 
laser and external modulator combination enable higher stabili- 
ty and higher dynamic range fiber-optic transmission of 
microwave signals over longer distances than is achievable with 
directly modulated semiconductor-laser based systems. This 



Light From the Nd:YAG Laser is amplitude-modulated with a 
microwave signal. The modulated light is used to send the microwave 
signals over the 29-km fiber-optic cable. 


system is a prototype to test the concept of high fidelity trans- 
mission of received microwave signals over fiber-optic cables, 
without the need to downconvert the microwave signals for 
transmission as is done now in a DSCC. This type of fiber-optic 
system should also prove useful in distribution of future, more 
stable, frequency reference signals, phased array radar sys- 
tems, and aircraft landing systems using bistatic radar. 

This work was done by Ronald T. Logan and George F. Lutes 
of Caltech for NASA’s Jet Propulsion Laboratory. For further 
information, write in 272 on the Request Card. 

NPO-19007 




NEW ORTEC Catalog Features 
Modular Pulse-Processing Electronics 
and Semiconductor Radiation Detectors 

“This Isn't a Catalog. It’s a Tutor!” 

The first recipient of EG&G ORTEC’s new catalog, 
“Modular Pulse-Processing Electronics and Semi- 
conductor Radiation Detectors,” spoke those words. 

We thought they bore repeating. This “catalog” con- 
tains more tutorial information, applications advice, 
and instrument selection charts for the research 
scientist than anyone would expect. 

Included are a myriad of new 
products for pulse processing, 
multichannel scaling, mass 

picosecond timing, and 
gamma-ray or alpha-particle 

Request the NEW catalog today - 

PHONE: 800-251-9750, FAX; 615-483-0396' or 

E-mail (MCI: 709-6992; Internet: 709-6992@MCIMAIL.COM; 

CompuServe: MCIMAIL;709-6992). 

^f^EGsiG ORTEC 
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BetaScint Fiber Optic Sensor for Radionuclide Detection 

A new technology rapidly characterizes uranium and strontium in soils. 

Pacific Northwest Laboratory, Richland, Washington 


Recent studies have identified dozens 
of waste sites at US Department of 
Energy facilities that exhibit radionuclide 
contamination exceeding established lim- 
its. In many cases the radionuclides 
include uranium and strontium, two of the 
most prevalent contaminants that result 
from nuclear power generation, weapons 
development, nuclear testing, and atomic 
catastrophes. Historically there have been 
no technical methods of rapidly and effi- 
ciently characterizing these sites and the 
potentially contaminated regions that sur- 
round them. Existing characterization 
methodologies have been excessively 
costly and time-intensive, causing unnec- 
essary delays in identifying and removing 
these contaminants. 

One mechanism for detecting charged 
species, such as beta particles emitted 
from the radioactive disintegration of ura- 
nium-238 or strontium-90, uses a sub- 
stance that scintillates, or emits light, 
upon passage of these particles through 
such sensitive material. Polystyrene- 


based plastic fibers can be doped, dur- 
ing the process of casting them, with var- 
ious fluorescent compounds that are 
carefully selected to produce the desired 
scintillation, optical, and radiation-resis- 
tant characteristics necessary for the 
technical requirements. Charged parti- 
cles passing through these fibers lead to 
ionization and excitation of the fluores- 
cent dopants, which subsequently de- 
excite by emitting visible light. The result- 
ing light pulses, partially transmitted 
down the length of the fiber, can be con- 
verted into electrical signals by a light- 
sensitive device such as a photomultipli- 
er tube or silicon avalanche photodiode. 

Researchers at Pacific Northwest 
Laboratory (PNL) incorporated these 
fibers into the BetaScint fiber optic sen- 
sor, a technology developed at PNL to 
characterize uranium-238 and strontium- 
90 in soils rapidly and efficiently. The 
sensitive volume of the detector is 
composed of 0.25-mm^ and 1.0-mm^ 
plastic scintillating fibers (obtained from 


the Bicron-Harshaw Corporation of 
Newbury, Ohio), which engineers at PNL 
fashioned into a light-tight stack of flat 
ribbons. This configuration facilitates the 
characterization of the relative energies 
and abundances of incident charged 
particles. Normally incident particles with 
energies exceeding 2 MeV, such as 
those originating from the decay of urani- 
um-238 and strontium-90, will penetrate 
all three lower layers and generate light 
pulses within each fiber ribbon. 
Potentially interfering gamma rays and 
lower-energy charged particles, however, 
lead to distinctly different signals and are 
effectively discriminated against: low- 
energy particles are unable to traverse all 
three ribbon layers, and gamma rays are 
likely to produce scintillations in only a 
single layer if at all through the generation 
of low-energy Compton electrons. 

Radiation-induced scintillations within 
the individual ribbon layers are converted 
to proportionate electrical pulses by the 
light-sensing device. These current puls- 



Schematic representation of the BetaScint sensor, showing interactions between scintillant material and incident emissions. Double lines 
denote particle tracks that lead directly to excitations/ionizations and consequent scintillations. 
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es are amplified by a two-stage 
microwave-amplifier circuit (>2-GHz 
bandwidth) and converted to high-fideli- 
ty voltage pulses. A lower-level discrimi- 
nator placed at the amplifier output to 
improve the signal-to-noise ratio allows 
differentiation between valid signal puls- 
es and noise generated in the light-sens- 
ing device or amplification circuitry. A 
comparator allows for adjustment of the 
output pulse width that, in turn, controls 
the time window associated with inter- 
layer and intralayer coincidence over- 
laps. The end-to-end, or intralayer, coin- 
cidence requirement militates against 
false positives caused by random noise 
generated in the light-sensing devices. 
The interlayer coincidences are a direct 
indication of the charged-particle ener- 
gies, which are uniquely indicative of 
their parent radionuclide. 


The BetaScint sensor is calibrated 
against soils spiked with known concen- 
trations of the target radionuclides, then 
placed above a moving or stationary sur- 
face. Within moments, it indicates conta- 
minant activity. The technology has been 
successfully demonstrated in the field at 
a number of defunct uranium-processing 
facilities, where it has characterized 
radionuclide contamination in support of 
remediation efforts. The sensor has also 
been used in a conveyor-belt configura- 
tion for monitoring potentially contami- 
nated materials moving at speeds up to 
8 centimeters per second. 

Scientists and engineers at PNL are 
currently exploring additional applications 
for this technology, including a roboti- 
cized version for monitoring enclosed 
or structurally unsound spaces that pre- 
clude safe access of personnel in to-be- 


decommissioned nuclear facilities. Small 
hand-held designs are also being evalu- 
ated for use in monitoring equipment, 
personnel, structures, etc. Inquiries from 
national laboratories, universities, and 
industry regarding collaborative efforts in 
this field are encouraged. 

This work's laboratory and field efforts 
were managed by Dr. Alan J. Schilk of 
Pacific Northwest Laboratory, and sup- 
ported by the US Department of Energy's 
Office of Technology Devebpment. A US 
patent has recently been awarded, and 
negotiations are currently under way with a 
potential industrial partner for licensing the 
commercialization of this technology. 

Inquiries may be addressed to Dr. Schilk, 
PNL, PO Box 999, MSIN P8-01, Rthland, 
WA 99352; (509) 376-9510, FAX (509) 
376-3868, e-mail aj_schilk@pnl.gov. 


Small-Modulation Ellipsometer 


Alignment is simple, and no tedious calibration procedure is needed. 
Marshall Space Flight Center, Alabama 



The small-modulation ellipsometer is 
an improved ellipsometer that can be 
made compact and rugged for opera- 
tion in harsh environments. Older ellip- 
someters (the null, rotating-polarizer, 
and large-modulation ellipsometers) are 
sensitive to small misalignments and 
must be calibrated. In contrast, the 
small-modulation ellipsometer contains 
no rotating or sliding parts and tolerates 
small misalignments, and both its cali- 
bration parameters and misalignments 
are computed directly from the outputs 


of its sensors. Thus, it calibrates itself 
and operates with a minimum of inter- 
vention by a technician, in keeping with 
the trend to eliminate tedious setup 
procedures in modern scientific instru- 
mentation. 

In ellipsometry, one characterizes a 
specimen of material (usually a thin film) 
by measuring the change in polarization 
of polarized light transmitted through the 
specimen or reflected from the speci- 
men at a glancing angle. Ellipsometry 
can be used to measure optical con- 


stants of specimen materials, thick- 
nesses of layers, roughnesses of sur- 
faces, and anisotropies. Conventionally, 
the measured reflective polarization 
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effects of a specimen are summarized by 
converting them into a standard form 
prescribed by the following equation 

■^ = tan(y) 


where rp and rs denote complex 
reflection coefficients on two specimen 
reference planes called “p” and “s,” tan 
' (Y) denotes the ratio between the intensi- 
ty of the p-polarized reflected light and 
that of the s-polarized light, and A 
denotes the difference between the 
phases of the p-polarized and s-polar- 
ized reflected light. In the case of trans- 
mission measurements, each reflection 
term is replaced by its corresponding 
transmission term. 

The small-modulation ellipsometer 
provides simultaneous and continuous 
measurements indicative of tan(Y) and A 
of the specimen. This feature, plus its 
self-calibration capability and its rugged- 
ness, makes it suitable for real-time mon- 
itoring of growth, annealing, treatment, or 
degradation of specimens. 

The small-modulation ellipsometer can 
be assembled in two slightly different ver- 
sions (see figure). In the first version a 


beam of monochromatic or quasi- 
monochromatic light (from a laser, light- 
emitting diode, lamp with bandpass filter, 
and the like) is linearly polarized, then 
sent through an electro-optical modula- 
tor, which alters the state of polarization 
at a chosen frequency that can be as 
high as several gigahertz. The second 
version is similar to the first version 
except that a compensator is inserted 
between the first polarizer and the mod- 
ulator. The compensator is a birefringent 
quarter-wave plate that converts the lin- 
ear polarization to elliptical or circular 
polarization. The amplitude of the modu- 
lation is kept low so that the change in 
polarization remains small. 

The modulated beam is reflected from 
the specimen, then passes into a dual 
analyzer (a polarizing beam splitter) that 
separates it into orthogonally polarized 
components. These components are 
sensed by photodetectors. The outputs 
of the photodetectors can be processed 
by use of any or all of a number of tech- 
niques that could include analog-to-digi- 
tal conversion followed by digital compu- 
tation, analog or digital filtering, lock-in 
amplification, and/or Fourier analysis. /\n 
essential part of the processing is extrac- 
tion of the amplitude of the dc compo- 
nents of the photodetector outputs, plus 


the amplitudes of the components at the 
modulation frequency and its first few 
harmonics. By use of a set of approxima- 
tions that are accurate to second order 
in the modulation amplitude, M, one can 
compute tan(Y) and A from the ampli- 
tudes of the dc, fundamental, and sec- 
ond-harmonic components. To obtain 
greater accuracy and account for small 
misalignments, one can compute tan(Y) 
and A by use of another set of approxi- 
mations that are accurate to fourth order 
in M and that include the third- and 
fourth-harmonic components in addition 
to the lower-frequency components. 

This work was done by J. Woollam, B. 
Jobs, S. Ducharme, and H. Machlab of 
J. A. Woollam Co. for Marshall Space 
Flight Center. For further information, 
write in 127 on the Request Card. 

In accordance with Public Law 96- 
517, the contractor has elected to retain 
title to this invention. Inquiries concerning 
rights for its commercial use should be 
addressed to 
J. A. Woolam Co. 

650 J Street, Suite 39 
Lincoln, NE 68508 

Refer to MFS-26235, volume and 
number of this Laser Tech Briefs issue, 
and the page number. 


Improved Optics for Quasi-Elastic Light Scatterin 

Spatial resolution is enhanced for better intensity and fluctuation measuremen; 
Lewis Research Center, Cleveland, Ohio 


An improved optical train has been 
devised for use in light-scattering mea- 
surements like those of quasi-elastic 
light scattering (QELS) and laser spec- 
troscopy. Measurements of this type 
are typically performed on solutions, 
microemulsions, micellular solutions, 
and colloidal dispersions. In particular, 
simultaneous measurements of the total 
intensity and fluctuations in total intensi- 
ty of light scattered from a sample at 
various angles (see Figure 1) provide 
data that can be used, in conjunction 
with diffusion coefficients, to compute 
the sizes of particles in the sample. 

Accurate determination of the angle of 
scattering, q, is essential to the mea- 
surement of total intensity. Accurate 
determination of that plane in the sam- 
ple from which the light was scattered is 
essential to the measurement of fluctua- 
tions in intensity: this is because light 
scattered spuriously from the 
sample/wall and wall/air interfaces of the 
cell that holds the sample can grossly 
affect the fluctuation measurement. 
Thus, there is a need for both a mea- 


surement with adequate angular resolu- 
tion about the optical axis at scattering 
angle q, and a simultaneous measure- 
ment with adequate depth resolution 
along the same optical axis. 

The present improved optical train 
satisfies these requirements by combin- 
ing features of an older optical train — in 
which two pinholes provide angular res- 
olution but no depth resolution — with 
features of another older optical train, in 
which lenses provide some depth reso- 
lution but inadequate angular resolution. 
The present optical train (see Rgure 2) 
includes two lenses, central portions of 
which have been bored out to accom- 
modate pinhole masks. Some of the 
scattered light passes through the pin- 
hole in lens 1 , then travels toward lens 2 
and its pinhole. That part of the light that 
reaches and passes through both pin- 
holes (which collectively establish the 
angular resolution) is detected by a pho- 
todetector mounted in the second pin- 
hole. Thus, the output of this photode- 
tector is the desired high-angular-resolu- 
tion signal proportional to the total inten- 



sity of scattfered light. 

Lens 1 collimates the light that reach- 
es it. The outer part of the pinhole mask 
at lens 1 also contains two slits that lie 
along a diameter perpendicular to the 
plane in which q is measured and that 
pass only those collimated light rays that 
lie in strips of width w between radii R1 
and R2. The parts of the collimated light 
that survive the slits pass through lens 2, 
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Figure 1. The Laser Beam Is Scattered 
from particles suspended in the sample liq- 
uid. The intensity and fluctuations in the 
intensity of scattered light are measured as 
functions of ft 
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MAGNIFIED AXIAL 
VIEW OF MASK 1 


Figure 2. The Improved Optical Train enables simultaneous measurements with both depth and angular resolution. 


which focuses them onto another photodetector. 

By eliminating those rays scattered at angles nearly parallel 
to the optical axis, the combination of masks and lenses thus 
selects only those rays that provide depth information. An 
aperture mask with an aperture of radius RA discriminates fur- 
ther against light scattered from positions other than at the 
desired depth within the specimen. The minimum resolvable 
increment of depth is given by Az = RAf/R1 , (where f = the focal 
length of each lens) while the minimum resolvable increment of 
angle is given by Aq = 2arctan(w/2f). Thus, the output of the 
second photodetector has both some angular resolution and 
the depth resolution needed for accurate determinations of 
fluctuations in intensity. 


This work was done by Harry Michael Cheung of the 
University of Akron for Lewis Research Center. For further 
information, write in 9 on the Request Card. 

Title to this invention, covered by U.S. Patent Nos. 
5,028, 135, 5,298,968, and 5,298,969 has been waived under 
the provisions of the National Aeronautics and Space Act {42 
U.S.C. 2457 (f)}. Inquiries concerning licenses for its commer- 
cial development should be addressed to 
H. Michael Cheung 
The University of Akron 
Akron, Ohio 44325-3906 

Refer to LEW-15621, volume and number of this Laser Tech 
Briefs issue, and the page number. 


Improved Raman- 
Scattering Gas-Species 
Monitor 



High efficiency is achieved by multiple passes 
of laser beam, fast collection optics. 


John F. Kennedy Space Center, Florida 


The figure illustrates, schematically, an improved Raman- 
scattering instrument that provides real-time measurements of 
the concentration of a gas species of interest mixed with other 
gases. For example, in the original application, the instrument 
is used to determine whether there is a flammable or explosive 
concentration of leaking hydrogen present in an atmosphere 
that contains varying concentrations of helium, air, and possibly 
other gases in addition to the hydrogen. 

Like other Raman-scattering gas-species-monitoring 
instruments, this one offers the advantages of (1 ) the inherent 
simple proportionality between the concentration of the 
species of interest and the intensity of the Raman-scattered 
light, (2) the independence of Raman scattering from the 
composition, pressure, and temperature of the other gas(es) 
with which the gas species of interest is mixed, and (3) con- 
sequent simplicity and reliability of calibration, with no need 
for a second sample chamber containing a reference gas. In 
comparison with other Raman-scattering gas-species-moni- 
toring instruments, this one costs less, weighs less, and can 
be operated more easily, largely because the intense illumina- 
tion needed to obtain sufficient Raman scattering is provided 
by smaller, more rugged means: Instead of passing the sam- 
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pie gas through a laser cavity (with con- 
sequent need for an active control sys- 
tem to maintain the delicate laser 
adjustment) or using strong externally 
supplied illumination (necessitating a 
bulky, expensive laser), the improved 
Raman-scattering instrument incorpo- 
rates a relatively inexpensive external 
laser and achieves the needed Intensity 
of illumination by multiple passes of the 


laser beam through the sample volume. 
The improved instrument also features 
more-efficient optics for collecting the 
Raman -scattered light, so that the 
external laser can be made smaller than 
it would othenwise have to be. 

The laser in this instrument is of the 
argon-ion type and operates at a wave- 
length of 488 nm. A small portion of the 
laser beam is split off and sent to pho- 


todetector 1 , the output of which is used 
to control the laser power supply to 
maintain the laser beam at constant 
power. The laser beam is chopped and 
then directed into a chamber. The com- 
bination of an entrance lens and a steer- 
ing mirror focuses the beam into a small 
sampling volume, within the chamber, 
through which the sample gas mixture is 
pumped. After passing through the sam- 
ple volume, the laser beam is reflected 
back through the sample volume by 
spherical concave mirror 1 , then reflected 
through the sample volume yet again by 
spherical concave mirror 2. These mir- 
rors are adjusted to focus in the sample 
volume, so that the laser beam passes 
through the sample volume many times 
(typically as many as 40). 

The last bounce returns the laser 
beam to the steering mirror at an angle 
slightly different (not as shown in the fig- 
ure) from that at which it entered, so that 
it is reflected to photodetector 2 for addi- 
tional measurement of the power In the 
laser beam. The output of photodetector 
2 is a sensitive measure of the cumulative 
effect of alignments of the optical com- 
ponents. The outputs of photodetectors 
1 and 2 are sent to a comparator, which 
puts out an alarm if they differ by more 
than a preset amount, signifying fouling 
or misalignment of the optics. 

Light Raman-scattered from hydrogen 
(at a wavelength of 612 nm) is collected 
over a large solid angle (about 1 steradi- 
an) by an aspherical collimating lens. A 
third concave mirror catches Raman- 
scattered light that travels into the oppo- 
site solid angle, reflecting it back through 
the sample volume and into the collimat- 
ing lens, so that the amount of Raman- 
scattered light collected is about double 
what it would otherwise be. On its way 
out of the chamber, the light passes 
through an exit window, which is a glass 
filter colored to pass light at the hydro- 
gen-Raman-scattering wavelength of 
612 nm and suppress scattered laser 
light at the original 488-nm wavelength. 
The collimated light goes through an 
interference filter that passes light in a 
wavelength band 5 to 1 0 nm wide cen- 
tered at 612 nm, thus providing further 
selectivity to separate the 612-nm 
Raman signal from background fluores- 
cence, scattered laser light, and ambient 
light. The collimated Raman-scattered 
light that remains after band-pass filtering 
is focused onto the photocathode of a 
photomultiplier tube. 

The output of the photomultiplier is 
processed via a lock-in amplifier that is 
synchronized with the chopper, to sup- 
press the dc contribution of the photo- 
multiplier dark current. The amplified out- 
put is processed further by a quantifier 



The Improved Raman-Scattering Gas-Species Detector indicates the relative concentration of 
the gas species of interest (hydrogen in this case) in the sampled gas stream that passes through 
the sample volume. 
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circuit. Probes in the sampie region mea- 
sure the pressure and temperature of the 
sampled gas. A quantifier circuit multi- 
plies the photodetector output by an 
amount proportional to the absolute tem- 
perature of the sampled gas and divides 
by an amount proportional to the pres- 


A solid-state device has been devel- 
oped for high-speed acquisition, dy- 
namic storage, and amplification of 
three-dimensional holographic images. 
In previous applications of real-time 
holography and optical image process- 
ing via two- and four-wave mixing in 
photorefractive crystals, only a single 
crystal was used in each case. As a 
result, applications that involved storage 
of holographic images have been limited 
to static storage, wherein a holographic 
image is created in a single photorefrac- 
tive crystal by mixing two or more 
coherent beams of light. The source of 
light is removed after the holographic 
image is established, and the image 
remains in the crystal (provided the crys- 
tal is isolated from light) for an amount of 
time that depends upon the charge- 
migration characteristics of the crystal. 
The characteristic time (time constant) 
for retention of an image can range from 
fractions of a second to years, depend- 
ing on the crystal. Any exposure to light 
erases the stored information. 

In the present device (see figure), 
holograms are generated via four-wave 
mixing in two or more photorefractive 
crystals (or subelements of a single crys- 
tal) to create a single-crystal or mul- 
ticrystal oscillator. The oscillator acts as 
a dynamic three-dimensional optical 
image-storage device (memory), or as 
the basic unit cell of an optical comput- 
er. A hologram is generated within the 
first crystal (or subelement) by mixing 
three beams of light that are coherent. 
One of these beams, denoted the refer- 
ence or writing beam, is of an intensity 
much greater than that of the second 
beam, which is denoted as the object 
beam. The third beam, denoted the 
probe or reading beam, is counterprop- 
agating with respect to the reference 
beam, and is of about the same intensi- 
ty as that of the reference beam. 

The mixing of these three beams in 
the first crystal creates a phase grating 
that diffracts a portion of the reading and 
writing beams. The diffracted beam 
leaves the crystal as a fourth beam that 


sure of the sampled gas to obtain a final 
output in the form of the relative concen- 
tration of the gas of interest (hydrogen in 
this case) in the sampled gas. 

This work was done by Steven Adler- 
Golden, Neil Goldstein, and Fritz Bien of 
Spectral Sciences, Inc., for Kennedy 


is the phase conjugate of the object 
beam and that counterpropagates with 
respect to the object beam. This phase- 
conjugated object beam is directed onto 
a second photorefractive crystal (or 
subelement) and is mixed with another 
coherent reading and writing beam. A 
phase grating is thus established within 
the second crystal, and it diffracts a por- 
tion of the reading and writing beams 
into a fourth beam that is the phase con- 
jugate of the phase-conjugated object 
beam. This beam is directed back to the 
first crystal to act as the object beam. 
Thus, the original object beam can be 
turned off, and the image information is 
stored in a dynamic way as it oscillates 
between the two or between more crys- 
tals or subelements of a single crystal. 

Any material that exhibits photoconduc- 
tivity or a photovoltaic operation can be 
used as the photorefractive crystal. 
Examples include barium titanate and bis- 
muth siliconoxide crystals, which are sen- 
sitive to visible light, plus such semicon- 


Space Center. For further information, 
write in 198 on the Request Card. 

Inquiries concerning rights for the 
commercial use of this invention should 
be addressed to the Patent Counsel, 
Kennedy Space Center [see page 4]. 
Refer to KSC- 11 566. 


-Storage Device 



ductor materials as gallium arsenide and 
silicon, which are sensitive to infrared light. 

This device is expected to provide the 
capability to store, amplify, process, and 
transmit time-varying, two-dimensional, 
spatial information. Possible develop- 
ments include sensors, actuators, and 
optical computers that would operate at 
speeds on the order of the speed of light. 
This device may have potential in any 
application in which there is a need for 
high-speed acquisition and storage of 
three-dimensional holographic images. 

This work was done by Raymond C. 
Montgomery and Sharon S. LaFleur of 
Langley Research Center. No further 
documentation is available. 

This invention has been patented by 
NASA (U.S. Patent No. 4,913,534). In- 
quiries concerning nonexclusive or 
exclusive license for its commercial 
development should be addressed to 
the Patent Counsel, Langley Research 
Center [see page 4]. Refer to LAR- 
13989. 



This Four-Wave-Mixing apparatus provides dynamic storage of a holographic image of the 
object after the electronic shutter is closed to turn off the object beam. 


Real-Time, Holographic, Dynamic Image 

Multiple refractive crystals are used for dynamic storage of images. 
Langley Research Center, Hampton, Virginia 
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Porous Silica Sol-Gel Glasses Containing Reactive V2O5 Groups 

These materials may prove useful as sensors, scrubbers, or catalysts. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


Porous silica sol-gel glasses into 
which reactive vanadium oxide function- 
al groups have been incorporated exhib- 
it a number of unique characteristics. 
Because they bind molecules of some 
species both reversibly and selectively, 
they may be useful as chemical sensors 
or indicators or as scrubbers to remove 
toxic or hazardous contaminants. These 
materials have also been found to oxi- 
dize methane gas photochemically: this 
suggests that they may be useful as cat- 
alysts for conversion of methane to alco- 
hol and for oxidation of hydrocarbons in 
general. Moreover, by incorporating var- 
ious amounts of other metals into silica 
sol-gel glasses, it shouid be possible to 
synthesize new materials with a broad 
range of new characteristics. 

in experiments, it was found that 
glasses of this type can be synthesized 
by the co-condensation of tris-iso- 
propoxyvanadium oxide with tetraethy- 
lorthosilicate. The resulting porous 
glasses are transparent and can contain 
up to 0.5 mole percent vanadium oxide. 
Because they are purely inorganic, these 
glasses can be stabilized at high tem- 
peratures without affecting their bulk 
properties. What is particularly unique 
about these materiais is that the vanadi- 
um oxide centers, which are integrated 
into the silica framework, retain most of 
their chemical reactivity and, in effect, 
form discrete reaction sites along the 
porous channels of the silica gel. 

These materials have been shown to 
coordinate small molecules at the metal 
centers; the coordination reaction is 
accompanied by a change in color that 
is specific to the type of molecules being 
absorbed. For example, vanadium-silica 


gels that have been dried and stabilized 
at a temperature of 500 °C are com- 
pletely transparent; however, upon 
exposure to moist air, they slowly turn 
orange. The change in color induced by 
the uptake of water is completely 
reversible. In addition to water, other 
molecules also coordinate reversibly to 
the metal centers in the dried gel and 
impart colors. Examples of these mole- 
cules and colors are shown in the table. 
Clearly, the striking changes in color that 
accompany absorption of these mole- 
cules suggest that the developmental 
materials may be useful as chemical 
indicators. 

In addition, the vanadium centers 
coordinate certain molecules preferen- 
tially to others. For example, formic 
acid dispiaces water, with a concomi- 
tant change in color from orange to 
green. Similarly, water is absorbed pref- 
erentially to hydrogen sulfide. In addi- 
tion, some materials are not absorbed 
at all (for example, ethylene, pyridine, 
and formamide). In short, along with 
their chemical-indicating capabilities, 
these materials can be used to remove 
certain impurities from gases or liquids 
selectively. 

Oxidation/reduction chemistry also 
occurs at the metal centers. A material 
of this type can be reduced under 
hydrogen gas at 420 °C or by photolysis 
at a wavelength > 350 nm at room tem- 
perature to yield a sapphire-blue materi- 
al characteristic of vanadium(IV). More 
significantly, photolysis of the material 
under an atmosphere of pure methane 
also causes reduction of the vanadium 
and oxidation of the methane: this 
appears to occur through activation of 


the carbon-hydrogen bond in the 
methane molecule, as methyl radicals 
can be detected via electron-spin-reso- 
nance spectroscopy. Oxidation of 
methane is difficult, usually requiring 
high temperatures and pressures and 
has only rarely been accomplished pho- 
tochemically. That these materials 
appear to oxidize methane efficiently 
and at relatively low energies suggests 
that they may be catalytic toward the 
oxidation of hydrocarbons. 

This work was done by Albert £ 
Stiegman of Caltech for NASA’s Jet 
Propulsion Laboratory. For further 
information, write in 232 on the Reader 
Information Request Card. 

In accordance with Public Law 96- 
5 1 7, the contractor has elected to retain 
title to this invention. Inquiries concern- 
ing rights for its commercial use should 
be addressed to 
William T. Callaghan, Manager 
Technology Commercialization 
JPL-301-350 
4800 Oak Grove Drive 
Pasadena, CA 91109 
Refer to NPO-19135, volume and 
number of this Laser Tech Briefs issue, 
and the page number. 


Absorbed Molecule 

Color 

Water 

Orange 

Hydrogen Sulfide 

Amber 

Ammonia 

Yellow 

Acetonitrile 

Yellow 

Formic or Acetic Acid 

Green 


Absorption of These Molecules in silica 
sol-gel glasses that contain reactive vanadi- 
um oxide groups is reversible and gives rise 
to the noted color in each case. 
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Mechanics 


Video Photometer for Rapid On-Line Analysis 

A new color-measurement instrument uses innovative technology for real-time on-line analysis. 
US Bureau of Mines, Salt Lake City Research Center, Salt Lake City, Utah 


Analyzing industrial process streams is 
important to enhancing materials recov- 
ery, improving efficiency, and reducing 
costs. As part of its mission to promote 
innovations in mineral processing, a team 
at the US Bureau of Mines (USBM) has 
developed a state-of-the-art color mea- 
surement instrument. Currently, most 
analyses are conducted off-line with 
expensive analytical equipment on care- 
fully prepared samples. This method is 
time-consuming and leads to delays in 
process optimization. 

USBM's inexpensive video photome- 
ter, a real-time on-line means of analysis 
and process control, is a PC-based soft- 
ware-driven system using a true red- 
green-blue (RGB) color video camera 
and a unique patent-pending peak 
detector that digitizes the RGB signals 
for a color resolution exceeding 23 billion 
hues. Since such hues can indicate 
chemical concentrations, the system can 


chemically analyze substances. 

The digitized signal from the peak 
detector is the control variable for process 
control. Such control is PC-software 
directed, a major advantage over conven- 
tional systems. Not only is this less expen- 
sive, but it also allows for Integrating inno- 
vative control methods such as fuzzy 
logic, neural networks, adaptive control, 
and introduction of various color models. 

During decopperization of copper in an 
electrolytic circuit, deadly arsine gas is 
formed if the copper concentration drops 
below approximately 1 .5 grams per liter. 
The USBM video photometer was used 
on site to assess this circuit stream in 
order to maintain the concentration 
above the level where arsine gas would 
be formed. The system analyzed and 
controlled copper to within ±300 parts 
per million, an acceptable level for indus- 
trial application. The video photometer 
can analyze any homogeneous color- 


specific stream, making it especially well 
adapted to metallurgical processing 
where many metals, chemicals, and their 
complexes have distinctive colors whose 
intensity varies with concentration. 

The photometer is a complete system 
for on-line analysis with automatic stan- 
dardization and rapid-response process 
control based on analytical results. This 
technology provides analysis, represen- 
tation of RGB values, and calculation of 
proportional, integral, and differential 
control all in real time. 

This work was done by the US Bureau 
of Mines. Salt Lake City Research 
Center. USBM is seeking cooperators 
interested in licensing this technology or 
in furthering its development Inquiries 
and requests for more information should 
be directed to Donna Harbuck, USBM, 
Salt Lake City Research Center, 729 
Arapeen Drive, Salt Lake City, Utah 
84108-1283; (801) 584-4146. 


Self-Directed Control of Pulsed Laser Deposition 

A new process produces high-quality thin-film coatings ten times faster. 

Wright Laboratory Materials Directorate, Wright- Patterson Air Force Base, Ohio 


Research groups have collaborated to 
develop an intelligent system that auto- 
matically controls a laser process for 
applying high-quality thin-film tribological 
coatings. Self-directed control of the 
pulsed laser deposition (PLD) process 
makes this operation ten times faster 
than the traditional manual process, 
while improving the quality and consis- 
tency of the coatings. This reduces cost 
and lowers the frequency of failure for 
such PLD applications as hard coatings 
to increase the life of a part, solid lubri- 
cants to reduce friction, and thermal 
coatings to protect a part from excessive 
temperatures. In addition to improving 
film quality and processing time, the con- 
trol system frees the operator for other 
tasks and decreases possible exposure 
to scattered ultraviolet laser light. 

Air Force pursuits in advanced materi- 
als for aerospace applications involve 
the combining of vastly different materi- 
als to exploit the best characteristics of 
each. These new "functionally gradient" 


materials have become a compelling 
method for obtaining superior perfor- 
mance. Advanced composites and 
superlattice semiconductors are well 
known examples. The advent of these 
thin-film coatings further exemplifies this 
powerful concept. 

Depositing one material onto another 
of dissimilar structure can be extremely 
difficult. Some materials simply do not 
bond to each other easily. PLD has 
demonstrated a capacity to bond mate- 
rials even though the bonds were 
thought to be technically unachievable 
or simply not economical for commer- 
cial applications. PLD Involves deposit- 
ing a relatively thin layer or coating of a 
material onto the surface of an object. In 
this process, an ultraviolet laser is pro- 
jected through a window into a vacuum 
chamber and onto the target (e.g., a 
disk of solid lubricant material). Laser 
pulses, fired in rapid succession, 
impinge on the target surface, causing a 
plume of material to deposit onto a 


component surface to be coated. 

Conventional, i.e. manually controlled, 
PLD has several limitations. The process- 
ing system requires two hours of reinitial- 
ization and conditioning for every four 
hours of operation. The target must be 
replaced and the laser window cleaned. 
Ultraviolet light from the laser is haz- 
ardous, and human exposure must be 
avoided. Additionally, the process para- 
meters that must be controlled and the 
control actions required to produce a 
range of coating characteristics are 
dependent on operator experience. 

The process was automated by first 
developing a user-friendly manual control 
system. This initial system was installed 
on a PLD research apparatus at the 
Materials Directorate laboratory. The 
improved system enables the operator to 
control and monitor the PLD process 
from a remote location, avoiding expo- 
sure to ultraviolet radiation. Key features 
of this system currently include automat- 
ic data logging, alignment and rastering 
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of the laser on the target, and other 
options allowing further optimization of 
film qualities and target life. 

The goal of this research has been to 
improve process repeatability and quality 
in terms of film morphology and thick- 
ness while reducing processing time and 


cost. To accomplish this goal, the 
process was studied and plume charac- 
teristics were investigated via time-of- 
flight mass spectroscopy and post-abla- 
tion ionization. Although PLD is not yet 
fully understood, the plume is thought to 
be the result of thermal expansion, the 


breaking of vaience bonds, or any of sev- 
erai other phenomena. Operating regions 
where each of these mechanisms domi- 
nate can be determined by variation of 
the laser parameters, including pulse 
length, pulse frequency, raster scan pat- 
tern, etc. Additional nondestructive sen- 
sors, which monitor the state of the 
object to be coated, were added to the 
system and used to obtain real-time 
information on film quality and thickness. 

Information concerning patent status 
of work and availability of rights and 
licenses is as foliows: 

1 ) "Automation of Pulsed Laser 
Deposition," U.S. Air Force Invention 
#21469, 16 December 1994. 

2) "Hierarchical Feedback Control of 
Pulsed Laser Deposition," U.S. Air Force 
Invention #21467, 16 December 1994. 
This work was done by Captain 

Eiizabeth F. Stark and Dr. Samuei R 
Laube for the Wright Laboratory 
Materials Directorate. 

inquiries concerning rights for the 
commercial use of this technology 
should be addressed to the Materials 
Directorate Technology Transfer Center, 
WUMLI-TTC, 2977 P Street, Suite 13, 
Wright-Patterson APB, OH 45433-7746; 
(513) 255-4689. 
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Fabrication 


Electron Cyclotron Resonance Etching of Mirrors for 
Ridge-Guided Lasers 

New electron cyclotron etcher produces semiconductor laser mirrors that approach the 
performance of cleaved facets. 

Rome Laboratory, Photonics Center, Griffiss Air Force Base, New York 


Optoelectronic integrated circuits con- 
sist of photodetectors, waveguides, 
lasers, and modulators, fabricated along 
with conventional electronic circuitry on a 
lll-V wafer heterostructure. Cleaved facets 
provide consistent high-quality laser mir- 
rors, but cleaves can only be made at the 
edges of a die. Lasers and waveguides 



Figure 1 . Three-dimensional diagram of a 
fabricated laser structure. 


located well within the boundaries of the 
die pattern must incorporate etched verti- 
cal mirrors. Thus, high-quality etched laser 
mirrors remain a priority for monolithic 
photonic device integration. 

An electron cyclotron resonance (ECR) 
etcher was recently used to fabricate 
ridge-guided lasers in a GaAs/AIGaAs 
multi-quantum-well heterostructure. The 
ECR offers several advantages over 
competing chemically-assisted ion-beam 
etching (CAIBE), including a higher etch 
rate and better selectivity between GaAs 
and the etch masks. The lasers are fabri- 
cated by performing a two-level etch in 
the ECR. The shallow etch (-1.5 pm) 
defines the ridge waveguides, while the 


deep etch (- 4 pm) forms the vertical 
total internal reflection (TIR) mirrors, as 
shown in Figure 1 . The GaAs etch rate, 
using the reactive gases CI 2 and BCIg, is 
8600 A/min, giving a selectivity of 14:1 
over nickel and 4:1 over photoresist, the 
two etch masks. 

Reflectivity of the 90° turning mirrors 
was determined by measuring the laser 
threshold current as a function of the 
number of turning mirrors. The overall 
laser length (700 pm) and width (10 pm) 
were kept constant for all numbers of 
turning mirrors, as shown in Figure 2. For 
the reflectivity tests mentioned in this arti- 
cle, the two end mirrors were cleaved. 

Results of threshold current measure- 
ments and subsequent calculations indi- 
cate a coefficient of reflection of 92% for 
each 90° turning mirror. For comparison. 


90° turning mirrors etched by CAIBE 
demonstrated a reflection coefficient of 
only 77%. Because of the higher etch 
rate and selectivity, and better vertical 
etch quality, ECR etching is expected to 
become important in commercial fabrica- 
tion of optoelectronic integrated circuits. 

These devices were designed, fabri- 
cated, and tested by J.S. Kimmet, M.A. 
Parker, and R.J. Michalak of the Air Force 
Photonics Center, Rome Laboratory, 
Griffiss Air Force Base, NY, and P.D. 
Swanson, D.B. Shire, and C.L Tang of 
the School of Electrical Engineering, 
Cornell University. No further informa- 
tion is available. 

Inquiries concerning rights to the com- 
mercial use of this technology may be 
addressed to the Patent Counsel, RUJA, 
Griffiss AFB, NY 13441. 



Figure 2. Example layout of 700-pm lasers with different numbers of 90* turning mirrors. 


Optical Fabrication of Semiconductors 

Photon enhancennent reduces the number of steps and the expense associated with thermal fabrication. 
Nationai Renewabie Energy Laboratory (NREL), Coiorado 


Optical processing is an excellent way 
of replacing inefficient thermal fabrication 
of semiconductors with a more selective 
and less expensive means of alloying 
back surfaces, sintering front contacts, or 
texturing interfaces between key layers. 

The optical processing furnace (OPF) 
can be applied to a variety of processing 
functions in optoelectronics, microelec- 


tronics, and photovoltaics. The OPF not 
only provides direct procedural control of 
a given task, but also requires less 
power, lower process temperatures, and 
fewer process steps than conventional 
methods. For example, to make low- 
resistance front and back contacts in 
solar cells, the standard approaches of 
rapid thermal processing (RTP) or fur- 


nace annealing require seven or eight 
steps (see figure). The OPF method 
obtains equivalent results with two steps. 

To process a device interface, furnace 
annealing and RTP must heat the entire 
device to the process temperature 
required by that interface. Hence, 
because different interfaces call for differ- 
ent processing conditions, these conven- 
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With the OPF, alloying back contacts while sintering front contacts requires only two 
process steps; conventional methods require seven or eight process steps. 


tional methods cannot be adjusted to 
account for such variables. 

By using a technique called photon 
enhancement, however, optical process- 
ing eliminates these failings. Identifying 
and utilizing the proper optical spectrum 
while filtering out unwanted light allows the 
user to “reach into" a multilayered struc- 
ture to process specific interface sites. 
Selectively directing photons with near- 
bandgap energies can have the effect of 
promoting a melt regime at an Interface or 
of altering the diffusion across it. 

The OPF uses a quartz muffle with a 
bank of halogen lamps that illuminate one 
side of the semiconductor with adjustable 
spectral distribution, power density, and 
duration. Optical energy is preferentially 
delivered onto the interface being 
processed. This allows control of the melt 
thickness or the depth of diffusion. 
Strategic areas are easily masked off from 
the light to prevent unwanted reactions. 

Thus the OPF can be used to create 
an ohmic contact at the back of a sili- 
con-aluminum interface of a silicon- 
based semiconductor while simultane- 
ously sintering the front contacts. This is 
done by selecting light with a proper 
infrared spectrum and directing it at the 
device. Light not blocked by the front 
contacts or by masks travels through the 
silicon and is preferentially absorbed by 
the aluminum at the back surface. This 
melts the metal-semiconductor inter- 
face-at the low process temperature of 


400 °G-whlch, upon cooling, forms a 
uniform epitaxial alloy to create a high- 
quality low-ohmic contact. At the same 
time, energy absorbed and reflected 
from the front contacts provides just 
enough energy adsorption to produce 
high-quality ohmic front contacts. 

By manipulating exposure time, the 
OPF may be used to produce a metal- 
semiconductor alloy at the back surface 
thin enough to reflect radiation back into 
the device for absorption and electron- 
hole generation. Plus, by controlling the 
power and duration of the radiation inci- 
dent on the back metal-semiconductor 
surface, the OPF can be used to texture 
the interface for total internal reflection. 

These are just some of the processing 
functions the OPF can perform. Currently 
OPF systems are being employed as 
post-growth process stations, chemical 
treatment systems, and materials growth 
reactors. 

This work was done by Chief 
Researcher Bushon Sopori and his asso- 
ciates in the National Renewable 
Energy Laboratory optical processing 
project. A patent application on the OPF 
process was filed in February 1994. For 
more information, call the NREL 
Technical Information Service; (303) 275- 
4065. For information about cooperative 
ventures with NREL, call the Technology 
Transfer Office; (303) 275-3008. 
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Mathematics and 
Information Sciences 


Synthetic-Aperture Coherent Imaging From a Circular Path 


Imaging algorithms are based on exact point-target responses. 
NASA’s Jet Propulsion Laboratory, Pasadena, California 




Algorithms have been developed for 
use in reconstructing the image of a tar- 
get from data gathered by a radar, 
sonar, or other transmitting/receiving 
coherent-signal sensory apparatus that 
follows a circular observation path 
around the target. Potential applica- 
tions include the following: 

• Wide-beam synthetic-aperture radar 
(SAR) from aboard a spacecraft in 
circular orbit around a target planet; 

• SAR from aboard an airplane flying a 
circular course at constant elevation 
around a central ground point, 
toward which a spotlight radar beam 
is pointed; 



Range* 


Ground 

Projection 


GROUND PROJECTION POINTS 


This Plot Shows the Mapping between (a) 
pixels generated from step 2 of the spotlight 
algorithm and (b) points on the ground. 


• Ultrasonic reflection tomography in a 
medical setting, using one transduc- 
er moving in a circle around the 
patient or else multiple transducers 
at fixed positions on a circle around 
the patient ; and 

• Sonar imaging of the sea floor to high 
resolution, without need for a large 
sensory apparatus. 

These algorithms include processing 
steps similar to those of the chirp-scal- 
ing algorithm, which has been limited to 
process SAR data from straight line 
paths but with a very narrow radar 


beam angle in along-track. The present 
algorithm, however, can be applied to 
circular paths without limitation of the 
radar beam angle. 

The present algorithms process the 
return-signal data in the two-dimen- 
sional Fourier-transform domain. The 
processing involves multiplication of 
fast Fourier transforms (FFTs) of the raw 
data by a reference function derived 
from the two-dimensional spectrum of 
the exact range-and-azimuth response 
of a point target as a function of time. 
The reference function is the inverse of 
this two-dimensional spectrum. 

The algorithm for processing data 
from a wide-beam sensory apparatus 
comprises the following steps: 

1 . Compute the raw SAR or other data 
in the azimuth dimension. 

2. Multiply by the phase perturbation 
for the range curvature (chirp-scaling 
phase). 

3. Compute the FFT in the range 
dimension. 

4. Multiply by the complex (both magni- 
tude and phase) azimuth reference 
function and by a range-compres- 
sion-filter function. 

5. Compute the inverse FFT in the 
range dimension. 

6. Multiply by the phase correction 
needed for chirp scaling and for 
the focusing adjustment made nec- 
essary by the variation, along the 
slant range, of the rate of change of 
Doppler frequency. 

7. Compute the Inverse FFT in azimuth 
dimension. 

8. Perform geometric rectification 
according to a selected projection 
grid. 

The algorithm for processing data 
acquired with a spotlight beam is simi- 
lar, except that some of the steps at the 
beginning and end are modified. The 
processing steps specific to the spot- 
light mode are the following: 

1 . Perform subsampling of echo pulses 
according to the radius of the spot 
area. This step is not necessary if the 
pulse-repetition frequency of the 
apparatus is tuned to the radius such 
that there are no redundant data. 


2. Perform SAR correlation, using the 
exact reference function. This step 
can be repeated over the same data 
block, each time tuned to a different 
subset of the range samples. This is 
necessary when the depth of focus is 
particularly small. 

3. Perform geometric resampling to 
correct for the geometry and grid 
spacing (see figure). 

This work was done by Michael Y. Jin 
of Caltech for NASA’s Jet Propulsion 
Laboratory. For further information, 
write in 231 on the Reader Information 
Request Card. 
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Cryptography Would Reveal Alterations in Photograj 

A public key would be used to decrypt a hash of the original image data. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


A public-key decryption method has 
been proposed to guarantee the 
authenticity of photographic images rep- 
resented in the form of digital files. The 
growing practice of altering digitized 
images by computer-based techniques 
has made it virtually impossible to verify 
the authenticity of the images. In the 
proposed method, a digital camera 
would generate the original data from an 
image in a standard public format; it 
would also produce a coded signature, 
which could be used to verify the stan- 
dard-format image data. The scheme 
also helps protect against other forms of 
lying, such as attaching false captions. 

The figure illustrates the overall cod- 
ing/decoding verification scheme. By 
use of a private encryption key, the cam- 
era would generate the signature of an 
image from a hash of the original image 
data. The hash in this case would be a 
reduced set of data constructed by a 
hashing function, which would map val- 
ues from a larger domain to a smaller 
range. (The hashing function could be 
public.) By using a public decryption key 
that corresponded to the private encryp- 
tion key, anyone could decode the sig- 
nature to recover the hash. 

Any examiner could verify the authen- 
ticity of a suspected image in the follow- 
ing way: The examiner would generate 
the hash of the suspected image by use 
of the hashing function. The examiner 
would also decode the signature of the 
original image, by use of the public 
decryption key, to obtain the hash of the 


original image. Then, the examiner 
would compare the two hashes. If the 
hashes matched, the suspected image 
would be regarded as authentic. If even 
a single bit of the suspected image file 
were to be changed, the hashes would 
not match even approximately. 

Within the border of the image, the 
camera records textural information that 
can thwart other time-honored methods 
of image deception. The camera records 
the date, time, exposure, light levels, 
and color balance at the time the picture 
was made. Additional information such 
as the direction the camera was pointing 
and Global Positioning Satellite coordi- 
nates help prove where in the world you 
were when the image was recorded. 

The use of a public decryption key 
would not compromise security: the 
public key could decode correctly only 


those data that were encoded by use of 
the corresponding private key; an 
attempt at forgery by use of a different 
private encryption key would cause mis- 
match between hashes. This system 
has the additional advantage of being 
backward-compatible with existing digi- 
tal imaging systems. 

This work was done by Gary L. 
Friedman of Caltech for NASA’s Jet 
Propulsion Laboratory. For further 
information, write in 260 on the Reader 
information Request Card. 

This invention is owned by NASA, and 
a patent appiication has been filed. 
Inquiries concerning nonexclusive or 
exclusive license for its commercial 
development should be addressed to 
the Patent Counsel, NASA Resident 
Office-JPL [see page 4]. Refer to NPO- 
19108. 



The Image-Verification Process would involve comparison of a hash (a mapping) of a sus- 
pect image with that of the original image. 


Books and Reports 


Comparison of Infrared 
Astronomical Observatories 

A report presents a comparative study 
of several proposed astronomical obser- 
vatories intended to operate in the 
infrared and submillimeter wavelength 
range (1 to 1 ,000 pm). The obsen/atories 
would be, variously, spaceborne, air- 
borne, and Earth-based. The perfor- 
mances of the observatories for viewing 
point sources were predicted on the 
basis of estimated telescope parameters, 
the celestial background emission, 
crowding of celestial sources, and perfor- 
mances of detectors. None of the pro- 
posed observatories was found to be the 
optimum general observatory for the 


entire wavelength range and the full vari- 
ety of intended observations, though all 
were found to offer much more sensitivity 
to weak signals than their predecessors 
do. For broadband observations, crowd- 
ing of sources was found to be the factor 
that exerts the most influence over the 
lower limit to the detectable signal level. 
As a result, large apertures are more 
important than are low optical-system 
temperatures in detecting the faintest sig- 
nals in broadband measurements. For 
moderate spectral resolution at wave- 
lengths greater than 50 pm, the thermal 
background from noncryogenic tele- 
scopes is large and the coldest observa- 
tories should be the most sensitive. At 
wavelengths less than 50 pm, none of the 


proposed observatories would be sub- 
ject to significant emission within its opti- 
cal system, and the most sensitive obser- 
vatory would be the one with the largest 
aperture. At high spectral resolution, on 
the other hand, detectors would be 
affected very little by thermal background 
from any source, and for sensitivity at all 
wavelengths it would be necessary to 
use large apertures. 

This work was done by Donald Rapp 
of Caltech for NASA’s Jet Propulsion 
Laboratory. To obtain a copy of the 
report, “Estimation and Optimization of 
Performance of Aerospace Infrared and 
Submillimeter Observation Systems, ” 
write in 68 on the Reader Information 
Request Card. NPO-19318 
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Free catalogs and literature for Laser Tech Briefs’ readers 
To order, write in the corresponding number 
on the Reader Information Request Form (page 23). 


NEW! OPTICAL 
REFERENCE 
CATALOG 

Edmund Scientific’s free 
236-page color technical 
reference catalog features 
one of the largest selections 
of precision off-the-shelf 
optics and optical instru- 
ments. plus a complete line 
of components and accessories for both large- 
volume OEM users as well as smaller research facilities 
and optical laboratories. Contains over 8,000 hard-to-find 
items, including a large selection of magnifiers, magnets, 
microscopes, telescopes, and “machine vision” products. 
Tel: 609-573*6259; Fax: 609-573*6233. 


Ti:SAPPHIRE 
LASER RODS 

Literature is available on 
ATRAMET’s Ti:Sapphire 
Laser Rods. The rods are 
available with Ti 20 j con- 
centrations of 0.03-0.15%, 
in diameters of 3-8 mm and 
lengths to 120-130 mm. 
Rod ends can be cut 
Plano/Plano {Flat/Flat) or 
Brewster Angle. Typical 
FOM values arc 220-250. Wavelength-tunable lasers lasc 
over the entire band, 660-1 100 nm, X ~ 532. Can be used 
for CW or Pulse systems. Tel: 516-694-9000; Fax: 516- 
694-9177; email: ATM GRP 717-1325'?*MCImail.com. 





COATINGS FOR 
METALS SOLVE 
LASER STABILI- 
TY, PRECISION 
PROBLEMS 

Magnaplaie surface enhance- 
ment coating create a hard- 
cr-than-steel, permanent 
dry-lubricated surface that 
resists corrosive effects of gas 
mixtures, prevents abrasive 
wear affixting stability and alignment of optical mounts and 
other pans, and permits use of lightweight metals while 
offering essential properties of heavier metals. General 
Magnaplatc Corp., 1331 Route I, Linden, NJ, 07036; Tel; 




Edmund Scientific Co., 

Dept. 15B1, N948 

For More Information Write In No. 300 


ATRAMET inc. 

For More Information Write In No. 301 


800-852-3301 or 908-862-6200; Fax: 908-862-61 10. 

Generai Magnapiate Corp. 

For More Information Write In No. 302 


OPTICAL 
LIQUIDS 

Specialty Optical Liquids 
catalog features high-trans- 
mission. safe-handling laser 
liquids plus fused silica 
matching liquids and specif- 
ic refractive-index liquids 
(1.300 to 2.1! no). Now 
includes tompafauvg dia- 
grams of glasses and optical 
liquids . R.P. Caigille Labora- 
tories, Inc., 55 Commerce Rd., Cedar Grove, NJ 07009- 
1289; Tel: 201-239-6633; Fax; 201-239-6096. 


R.P. Cargille Laboratories, Inc. 


SPECIALTY 
OPTICAL 
— LIQUIDS- 



HIGH-VOLTAGE 

POWER 

SUPPLIES 

Eight-page selection guide 
describes Bertan precision 
high-voltage power supplies 
with outputs ranging from 
500 V to 100 kV at up to 
I kW. Bertan High Volt- 
age, 121 New South Road, 
Hicksviilc, NY 11801; Tel: 
516-433-3110; 800-966- 
2776; Fax:516-935-1766. 



^ itesewci 



13«-J 

SciatificitEgpeefii 

liKlrniiiMt 


PRECISION 
TEST AND 
MEASUREMENT 
EQUIPMENT 

Stanford Research Systems’ 
1994-95 Catalog contains 
complete specifications, 
technical discussions and 
application notes on its line 
of scientific and engineer- 
ing instruments. This 200- 


Bertan High Voltage 


page catalog includes the latest function ^nerators, sp^- 
trum analyzers, lock-in amplifiers and delay generators, 
and is a useful reference for a wide range of test and 
measurement applications. Address: 1290 D Ream wood 
Avenue, Sunnyvdc, CA, 94089; Tel: 408-744-9040. 

Stanford Research Systems 


For More Information Write In No. 303 


DC-COUPLED 
LOGARITHMIC 
AMPLIFIER 
MODULE 

The compaa Model LA-100 
features wide dynamic range, 
fast rise time and excellent 
linearity, making it ideal for 
laboratory, ponable, or mul- 
tichannel embedded applica- 
tions. Exclusive One-touch 
Auto-null design suppresses dynamic-range robbing input 
oftet at the simple touch of a button. Tel: 908-788-8445; 
Fax: 908-788-7521. ElcccroSolutions, Inc., 7 Holly Coun, 
FIcmington, NJ 08822. 

ElectroSolutions, Inc. 

For More Information Write In No. 306 


For More Information Write In No. 304 


A 100-pius page, full color 
HIGH PERFORMANCE 
CAMERAS catalog from 
Princeton Instruments. 
Inc., Trenton, NJ, is now 
available. Slow scan imag- 
ing CCD cameras with 
spectral response from x-ray 
to the NIR, and with appli- 
cations from microscopy to 
astronomy, are outlined. 
The catalog also provides 
the specifications for the 
more than thirty different CCD chips offered in 
Princeton Instruments, Inc. cameras and useful applica- 
tion notes to help in the selection of a camera system. 

Princeton Instruments, Inc. 

For More Information Write In No. 307 


For More Information Write In No. 305 

NASA 1995 Calendar 



Full-color photos of the space shuttle in action. Includes 
dates of launches from the 1960’s to present. $10.95 plus 
$5.00 shipping. Mail order and payment to: Associated 
Business Publications, Dept. F. 41 East 42nd St.. #921, 
New York. NY 10017. Credit card orders call (212) 490- 
3999. 
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NBW PRODUCTS 



Holographic 
Linear Encoder 

The digital resolution of the 
ZPE-100 Zero Path Encoder 
from Opti-Cal, Los Osos, CA, 
can be user-specified from 3 to 
200 nanometers. A patented 
optical design, the company 
says, makes possible high sta- 
bility, accuracy, and economy. 
Quartz scales are used, and the read head is just half an inch 
high. Overall repeatability is less than 0.01 micron. The 
device has quadrature and up-down outputs, and options 
include infinite-resolution servo outputs, counters, and 
other features. 

For More Information Write In No. 700 



Laser Eyewear 
Line Expanded 

Lase-R Shield Inc., Albu- 
querque, NM, has added 
DVO eyewear from Crews 
Scientific to its line of laser 
protective eyewear meeting 
ANSI Z 136.1 (1993) standards. The Crews line offers 5 
new styles including an Rx option with clear prescriptive 


snap-in lenses, lightweight wraparounds, and wide-view 
antifogging goggles. Along with plastic products, Lase-R 
Shield’s on-site optical laboratory features Schott filter-glass 


prescriptive and nonprescriptive lenses in various frame and 
goggle styles. 

For More Information Write In No. 701 





Optics from the 


»pi 

"Eastern Bloc" 

International Scientific Prod- 
ucts, Mt. Kisco, NY, distrib- 
utes a wide variety of stock 
and custom precision blanks 
and polished optics in such 
materials as calcium fluoride, 
lithium fluoride, zinc 
selenide, KRS-5, germanium, 
fused silica, sapphire, cad- 
mium telluride, and magne- 
sium fluoride. The compo- 
nents, manufactured in 
Russia and Latvia, are available, the distributor says, for 
rapid on-time delivery. 

For More Information Write In No. 702 



Atomic Force 
Microscope with 
Laser Tracking 

Digital Instruments is making 
available the NanoScope® 

DimensionTM 3000 atomic 
force microscope (ATM). The 
company says it supports every 
available AFM and scanning 
tunneling microscope scanning 
technique, and combines many 
capabilities of the company’s Large Sample Stage and Mul- 
tiMode microscopes. The TrakScanTM tracks the scanning 
probe to prevent image anomalies. 


For More Information Write In No. 703 


Fast Digital 
Oscilloscope 

LeCroy Corp., Chestnut Ridge, 
NY, introduces the Model 
9362, which it calls the world’s 
fastest digital oscilloscope. It 
can capture single-shot events 
at a sampling rate of 10 Gs/sec. In addition, it offers 1.5-GHz 
bandwidth on repetitive events sampled in random inter- 
leaved sampling mode. The company says the 9362 main- 
tains 750-MHz bandwidth when transferred to single-shot 
data capture. For laser pulse characterization, it can measure 
rise and fall times, area, amplitude, width, and other para- 
meters and display the latest value, maximum value, mini- 
mum value, average value, and standard deviation. 

For More Information Write In No. 704 


Microscope for 
Materials Testing 

The Axiotech reflected-light 
microscope from Carl Zeiss, 
Thornwood, NY, was designed 
specifically for materials test- 
ing. A new line of objectives, 
called the Epiplan ICS (infin- 
ity color-corrected system) 
series, produce sharp, brilliant, 
high-contrast images even at 
high magnifications, according to the company. Axiotech 
images appear upright and unreversed to the eye. There is 
a wide variety of options, including the Axiotech vario, a 
model for viewing large, heavy, or irregularly shaped sam- 
ples, even an engine cylinder head. 

For More Information Write In No. 705 
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Custom Coated 
Objectives 

Rolyn Optics, Torrance, CA, is 
offering all-reflective objectives 
coated and assembled specifically 
to customer order. Final assembly 
is done interferometrically to obvi- 
ate further adjustment after deliv- 
ery. Because no refractive elements 
are used, the company says these 
objectives are suitable for all applications from 193 nm to 
far infrared, using different mirror coatings specified at the 
time of order. The units mount to the standard Royal Micro- 
scopal Society threads. 

For More Information Write In No. 706 




Laser Applications Inc., Orlando, 
FL, has developed a laser weld 
quality monitoring system for 
industrial users. The PC-based 
system monitors the progress of the laser welding process and 
corrects the weld quality problems in real time. It can be used 
as a standalone unit or as part of an automation line. Sim- 
ilar monitoring devices are available for drilling, cutting, 
marking, and soldering. 


Weld Quality 
Monitor 


For More Information Write In No. 708 


Laser Beam Sensor 

SUNX, West Des Moines, lA, 
announces the LA5 1 1 laser beam 
sensor system. It has a sensing field 
of 1 5 mm X 500 mm and offers 
repeatability of 10 pm. Minimum 
sensing target is 0.1 mm in diameter. An optional LA-Cl 
control provides 3'/2 -digit readout with set points for HI- 
GO-LO control. 

For More Information Write In No. 710 



Pulsed Laser 
Deposition Coatings 

Neocera Inc., College Park, MD, specializes in pulsed laser 
deposition growth of metal oxide thin films on a variety of 
substrates, from simple binary oxides such as hafnia to com- 
plex oxides such as ferroelectric and ferrite films and high- 
temperature superconductors. The company can provide 
YBCO and GclBCO on lanthanum aluminate, sapphire, 
silicon, cubic zirconia, and other substrates up to 2" in 
diameter, and double-side coated. 

For More Information Write In No. 712 


Borosilicate 
Sheet Glass 

Schott Corp., Yonkers, NY, announces its new 
BOROFLOAT™ borosilicate sheet glass. The company 
says that the microfloat process used to make it achieves 
unsurpassed surface quality for flat borosilicate glass. In 
addition, it is highly resistant to water and to acidic and 
saline solutions, as well as to chlorine, bromide, iodine, and 
organic substances. Among applications Schott su^ests are 
precision engineering and industrial lasers. 

For More Information Write In No. 707 


Digital Signal 
Processing Module 

DADiSP/AdvDSP 1.0 from DSP 
Development Corp., Cambridge, 

MA, is an add-on digital signal 
processing module for DADiSP 
graphical data analysis software, 
which is designed to collect, analyze, and display technical 
data. DADiSP/AdvDSP has a wide variety of DSP algo- 
rithms, including fast Fourier transform, power spectral 
density estimation, and digital interpolation. The company 
says the new package is designed for researchers and engi- 
neers working in image processing, among other areas. 

For More Information Write In No. 709 



Laser Pulse 
Measurement to 
500 pps 

The EPMIOOO dual-function 
laser energy/ power meter from 
Molectron Detector, Portland, 
OR, performs real-time mea- 
surements of pulse energy from single pulses to 500 pps, and 
pj to J, and power from pW to kW, over the broadest spec- 
trum 0. 19-1000 pm. It displays all measurements on both 
a fast 3 '/ 2 - inch analog mirrored meter and custom alphanu- 
meric 4-digit LCD. User options include absolute units of 
J, W, or V, and frequency from 0.1-1000 Hz. 

For More Information Write In No. 711 


Power Supply 
with Small 
Toe-Print 

New from Spellman High 
Voltage Electronics, Plain- 
view, NY, is the integrated 
surface-mounted MHV series high-voltage power supply. 
Eight 2-W models come with 0-500 V, 0-1000 V, 0-1500 
V, or 0-2000 V Regulation is 0.03 percent. The supplies have 
only a 2-in. square PC board toe-print. Price for MHV 
supplies is $250 each. 

For More Information Write In No. 713 









Encoder 
for Harsh 
Environments 

Featuring a rugged die-cast 
aluminum housing, the 
Ledex® DG60D incremental 
encoder from Lucas Control 
Systems, Vandalia, OH, can 
operate in temperatures rang- 
ing from 0-85 °R Compact in design (60-mm OD, 47-mm 
length), the encoder is suited to applications involving water 
mist, oil mist, coolant, or hose-directed washdowns, the 
company says. Resolutions are to 5000 pulses per revolution 
or less off disk, and operating frequency is up to 300 kHz. 

For More Information Write In No. 714 




Compact Q-Switched 
Nd:1^Gs 

New Wave Research, Sunnyvale, 

CA, is making available two new 
models in its line of compact 
pulsed Q-switched Nd:YAC laser 
systems. They are designated 
Mini/Lase-10 and Mini/Lase-20, 
the numbers indicating the pulse 
repetition rate. At 1064 nm, laser energy is greater than 28 
mj, spatial mode better than 90 percent Caussian, and peak- 
to-peak energy stability is less than 6 percent. Option^ sec- 
ond, third, and fourth-harmonic crystals can be added. 

For More Information Write In No. 715 



Haze Measure- 
ment Systems 

The HMS-1200 series haze 
measurement systems from 
Labsphere, North Sutton, NH, 
are designed for the character- 
ization of brightness, specular- 
ity, diffusivity, total reflectance, 
and directionality of a variety of materials over wavelength 
ranges from 0.4 to 1.1 pm. Featuring a 12-in. -diameter 
integrating sphere with an external sample mount, the sys- 
tems are designed in accordance with ASTM D 1 003 spec- 
ifications for haze measurement. 



Microscope with 
Rotatable Head 


The new professional compound 
microscope from Cole-Parmer, Niles, 
IL, features a fully rotatable 30-degree 
inclined binocular bead and a verti- 
cal phototube. It has four color-coded 
DIN parfocal, parcentered achro- 
matic objectives: 4X, lOX, 40X, and 
lOOX, and paired DIN wide-field 
1 OX eyepieces. Other features are a 
swing-out filter holder, blue filter, and a 30-W halogen 
lamp for varying intensities of illumination. 

For More Information Write In No. 717 


For More Information Write In No. 716 


Data Acquisition for 
Spectroscopy 

The SpectraCard^*^ from Acton 
Research Corporation, Acton, MA, 
is a 16-bit digital readout spec- 
trometer capable of spectral data 
acquisition at up to 1000 data 
points per second. The system is 
controlled by Windows spectroscopy software developed 
at ARC. The company offers more than 25 monochroma- 
tors (0.15-3.0-m focal lengths) and detectors covering wave- 
lenths from 100-12,000 nm for use with SpectraCard. 

For More Information Write In No. 718 


Versatile 

Photometer/Colorimeter 

Photo Research Division of Kollmorgen, Chatsworth, CA, 
announces the Pritchard® PR-880, a fully automatic filter 
photometer/colorimeter. Equipped with patented Pritchard 
optics, the PR-880 can perform complete photometric, col- 
orimetric, and radiometric measurements in seconds, accord- 
ing to the company. The 55-mm f/2.8 (1:1 magnification) 
lens can be focused from 1.75" to infinity. Applications 
include aircraft panel luminance and color testing, correlated 
color temperature determination, automotive lighting mea- 
surement, and CRT luminance and contrast measurement. 
For More Information Write In No. 719 




LED Arrays in Yellow 
and Amber 

Available from Lamp Technology 
Inc., Bohemia, NY, is a new line of 
ultrabright yellow/amber multi-LED 
units in 3- and 6-chip models for all 
popular lamp bases. Using AlInCaP 
chip technology, the 591-nm units 
offer 100 mcd and 200 mcd light 
levels respectively. The company says 
the multichip LEDs offer 100,000 hours of low-heat, shock- 
proof life. They are available in voltages ranging from 6- 
120 V. 

For More Information Write In No. 720 



New Switcb-Mode 
CO^ Laser 

A recent introduction from Rofin- 
Sinar Inc., Plymouth, MI, is a high- 
power 2000-W carbon dioxide 
switch-mode laser. The RS 2000 
SM joins the company’s line of switch-mode lasers that 
includes 700, 1200, and 1700-W models. The RS 2000 
SM is a fast-axial-flow laser with DC excitation. Because 
the solid-state power supply can be switched from contin- 
uous-wave to pulse-mode operation, it can cut and weld 
various materials, contours, and thicknesses. Beam divergence 
is about 1.5 milliradians full angle at distances up to 10 m. 

For More Information Write In No. 721 


LASER Tech Briefs 


40 


February 1995 



High-Tech Gift Ideas 




NASA Calendar 


Full-color photos of the space 
shuttle in action, includes dates of 
launches from the 1960s to present. 
Printed on deluxe coated stock 
with laminated covers. $10.95. 


Apollo 11 Commemorative T-Shirt 
or Sweatshirt 


Beautiful, colorful illustration recaptures 
the spirit and excitement of the Apollo 
moon landing. White T-shirt ($12.95) or 
sweatshirt ($19.95). Sweatshirt: adult sizes 
only. 


Official NASA Tech 
Briefs/Loser Tech 
Briefs Cops 


Your choice of these 
sporty poplin caps: 

(1) red and black NASA 
Tech Briefs logo on 
white cap or (2) black 
Laser Tech Briefs logo 
on either neon orange 
or neon green cap. 
Size-adjustable. $9.95 
each. 


NASA Vector Cop 


Red. white, and blue 
NASA vector logo on 
high-quality white poplin cap. 
Size-adjustable. $9.95. 


Planets T-Shirt or 
Sweatshirt 


striking color images of the 
nine planets in our solar sys- 
tem. White T-shirt or sweatshirt, 
adult sizes only (no small). 
T-shirt: $12.95: Sweatshirt: 
$19.95 


Astronaut Ice Cream and 
ice Cream Sandwich 

Freeze-dried, vacuum-packed 
ice cream treats just like the 
ones enjoyed by astronauts in 
space. TWO packages - an ice 
cream sandwich and a neapoli- 
tan ice cream mix - for only 
$5.95. 



Rush me the following (list quantity): 


NASA 1995 Calendar ($10.95) 

. NASA Tech Briefs Cap ($9.95) 


Laser Tech Briefs Cap ($9.95) 
circle color(s): orange green 


NASA Vector Cap ($9.95) 

Astronaut Ice Cream/Sandwich (2 for $5.95) 

Planets T-Shirt ($12.95) 

circle size(s): M L XL 


Planets Sweatshirt ($19.95) 

circle size(s): M L XL 

Apollo 11 T-Shirt ($12.95) 

adult size(s): S M L XL 
kids' size(s): S M L XL 

Apollo II Sweatshirt ($19.95) 

circle size(s): S M L XL 


Add $5.00 to order for postage and handling. (NY rcsidcnu add sales tax.) Total: $ 


□ Check enclosed (payable to Associated Business Publications) 


□ Charge my VISA Mastercard AmEx Account No. Expire Date. 

Signature 


Name 

Address _ 
Phone No. 


Company (if applicable) 

City/St/Zip 

Fax No. 


Mail with payment to: Associated Business Publications. Dept. E, 41 E. 42nd St., #921, New York, NY 10017. 
Or fax (credit card orders) to: (212) 986-7864. Questions? Call Demi at (212) 490-3999. 






NBW LITERATURE 


Fiber Optic 
Components^for 
Communications 

Lasertron, Burlington, MA, 
announces its 1995 Short 
Form Catalog, containing its 
entire line of standard fiber 
optic laser and detector com- 
ponent products for telecom- 
munications, CATV, and cel- 
lular communications. New 
entries include a double 
pump laser for erbium-doped 
fiber amplifiers, microcell 
link products, and an 18-GHz isolated laser source for high- 
speed communications. 

For Mere Information Write In No. 730 


From Research to 
Products 

Among the capabilities 
described in the 6-page color 
brochure from Quest Integrated 
Inc., Kent, WA, is electro-optic 
technology for automated non- 
destructive evaluation (NDE) 
systems and for precision mea- 
surements in difficult environ- 
ments. One example is the laser 
optic tubing inspection system 
(LOTIS) used to inspect the 
interior surface of boiler tubes in ship power plants. QI^ 
also has capabilities in ocean science, fluid and solid mechan- 
ics, and advanced waterjet technology. 

For More Information Write In No. 731 





Safety and 
Sensor Products 

The 1995 product catalog 
from Scientific Technologies 
Inc., Hayward, CA, contains 
368 pages divided into two 
main sections, safety-related 
products and sensors for 
machine and factory automa- 
tion. In the latter are found 
optical scanners and photo- 
electric sensors, as well as wire- 
less communications links. 


For More Information Write In No. 732 




BteSohitiofis 
For ¥oor Smallest 
Problems 

C lAtf Moili 


Subminiature 
Optical/Mechani- 
cal Components 

A new capabilities brochure 
from Optics Technology Inc. 
(OTI), Pittsford, NY, details 
the company’s background and 
capabilities. OTI specializes in 
solutions to problems of design 
and fabrication with close tol- 
erances and involving sub- 
miniature optical and mechan- 
ical components and assemblies 
smaller than 1 mm in diameter. OTI has a CIM-controlled 
CNC fabrication facility for quick turnaround. 

For More Information Write In No. 733 




Absorbers for 
Laser Protection 

Filtron A Series laser-protec- 
tive absorbers from Centex 
Optics, Carbondale, PA, are 
the subjects of a series of spec- 
ification sheets showing trans- 
mission/absorption curves for 
each standard filter. The 
absorbers can be custom 
designed to attenuate any 
wavelength from 180-1600 
nm, or to attenuate several 
wavelengths at once. 


For More Information Write In No. 734 


Optical Filters and 
Coatings 

Corion Corp., Holliston, MA, 
offers a 125-page catalog that 
contains specifications on more 
than 1600 optical filters and 
coatings. Included is a techni- 
cal supplement with details on 
coating technology, filter con- 
struction, reliability testing, 
product lifetime, and more, 
ranging from traditional soft 
coatings to state-of-the-art hard 
coatings. Filter sets are described, as well as such new items 
as Stabilife™ bandpass, fluorescence, laser line, infrared 
bandpass, and stabilized dichroic filters. 

For More Information Write In No. 735 
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LED PftODUCTS 
DATABOOK 


Databook on an 
LED Family 

The 200-page “LED Products 
Databook” from Dialight Corp., 

Manasquan, NJ, outlines the 
specifications on more than 
1 ,000 products from the optical 
indicator manufacturer. The cat- 
alog covers Dialight’s discrete 
LEDs, LED circuit-board indi- 
cators, LED panel mount indi- 
cators, surface mount indicators, 
and light pipes. Along with product specifications the book 
contains a product selector guide, and application notes. 

For More Information Write In No. 736 



DlftUGHT 


LEAOERSWf* m OTTICAL INOtCATION 


IR/Visible Imaging 
Spectrometer 

Daedalus Enterprises, Inc. is sup- 
plying specification sheets on its 
multispectral infrared and visible 
imagiM spectrometer. Designed 
to be flown aboard aircraft, the 
high-performance system can 
operate in severe environments. 

A common field stop maintains 
spatial CO registration of all chan- 
nels. Optics are temperature-com- 
pensated and located in a controlled environment. 

For More Information Write In No. 737 



Image Analysis for 
Corporate 
Productivity 

Optimas Corp., Edmonds, WA, 
describes its new Optimas Version 5 
in a new brochure called “Image 
Analysis in a Corporate Computing 
Environment.” The company says the 
new image analysis software has 
improved data reporting and power- 
ful new application modules. The use 
of new Microsoft standards such as 
Object Linking and Embedding (OLE) makes it possible to share 
data with other programs in Windows. 

For More Information Write In No. 738 


Sic for Demanding 
Applications 

Cerastar^^ silicon carbide from 
Carborundum Specialty Products, 
Niagara Falls, NY, is the subject of 
a new 8-page color brochure. The 
material is found in products 
requiring complex shapes and 
exacting tolerances, as well as those 
with high elastic modulus, low 
thermal expansion, and high ther- 
mal conductivity. Among them are laser mirror blanks, opti- 
cal benches, and wafer handling devices. 

For More Information Write In No. 739 




Data Acquisition of 
Many Kinds 

A six-page catalog just released by 
Monarch Instrument, Amherst, 

NH, introduces several new prod- 
ucts and offers specifications for 
many more. Included are paperless 
recorder/data acquisition systems, 
stroboscopes, tachometers and sen- 
sors. Among new products is Dat- 
aChart^^, a one- or two-channel 

1/4 DIN paperless recorder, data acqusition system with a 
high-resolution back-lighted display. 

For More Information Write In No. 740 



OpBcali ngt_ noiU. 
OMS-100 


Oovor Instrumont Cofporotfn 


snaiLj 

sann 

nranB 


Standard and Custom 
Air-Bearing Products 

The 12-page brochure from Dover 
Insrruments, Westborough, MA, sets 
out the company’s capabilities in air- 
bearing system design of ptoducts 
serving a wide variety of industries, 
including the semiconductor field, 
magnetic and optical memory man- 
ufacturing, optical fabrication, high- 
resolution imaging and precision metrology. Dover designs 
and manufactures specialty positioning systems and machine 


tools, and has a broad range of standard air-bearing linear 
translation stages, X-Y tables, and multiaxis positioners. 

For More Information Write In No. 742 


1 A 
U I • 



Optical Test Set 

A four-page color booklet from 
Wandel and Goltermann, 

Morrisville, NC, explains the 
features, functions, specifica- 
tions, and applications of the 
OMS-100, an optical test set 
used in telecommunications 
and data communications. 

Charts and diagrams elucidate 
the set’s functions, including 
SDFi/SONET measurements, 

PON/PDN tests, LAN tests, 
as well as calibration and device tests. 

For More Information Write In No. 741 



Cryoqenic Control 
Catalog 

Lake Shore Cryotronics, Wester- 
ville, OH, calls its 1995 “Cryo- 
genic Temperature Measurement 
and Control Product Catalog” a 
product catalog and reference guide 
in one volume. Up-to-date infor- 
mation on Lake Shore products includes cryogenic tem- 
perature, pressure, and level sensors, temperature and level 
controllers and monitors, current sources, temperature trans- 
mitters, accessories, and more is accompanied by specifi- 
cations and comparison tables to assist in choosing the cor- 
rect sensor and control instrumentation. 

For More Information Write In No. 743 
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RUSSIA’S TOP TECHNOLOGIES UNVEILEO FOR THE FIRST TIME 


he Cold War is history and Russia’s open 
for business, offering a treasure-frove of 
previously classified inventions to U.S. 
companies. You can find the best, most commer- 
cially-promising Russian technologies — ahead of 
the crowd— with Russian Tech Briefs, the official 
technology transfer publication of the Russian 
Space Agency. 

This new bimonthly newsletter from the pub- 
lishers of NASA Tech Sr/efe features new product 
ideas, licensable inventions, and novel engineering 


solutions in materials science, biotechnology, 
electronics, computing, environmental technolo- 
gy, manufacturing, and more. Using the Reader 
Service Form in each issue, you can order detailed 
technical and licensing information on particular 
articles. 

Russian Tech Briefs is your guide to the vast 
R&D resources in the former Soviet Union. Up- 
coming issues will profile Russia’s leading tech- 
nology developers, spotlight commercial spinoffs 
of Russian inventions, and provide inside advice 


on partnering with Russian organizations. The 
introductory subscription price is only $195 ($250 
with on-line access) for a full year. One idea in a 
single issue could repay this modest investment 
many times over. 

SPECIAL ONE-TIME OFFER; Try one sample 
issue of Russian Tech Briefs for just $29.95 — 
with no further obligation unless you are complete- 
ly satisfied. 




Start my Russian Tech Briefs 

SUBSCRIPTION TODAY FORI 


□ $ 195.00 - one year (six issues) 


□ check enclosed (payable to Associated Business Publications) 

□ charge my credit card: □ VISA □ MasterCard □ AmEx 


Card No. 


Expire Date 


□ $ 250.00 - one year (six issues) plus one year on-line access 
through CompuServe (membership required) 

□ $ 29.95 - one trial issue. I understand I then will be billed for the 
balance of one-year subscription cost but have no obligation. 

(If you do not wish to continue the subscription, simply write “cancel" on 
the invoice and return.) 



Signature 


Name. 


Company. 
Address _ 


City/St/Zip . 
Phone/Fax . 
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Products for the art of fiber design. 




Whatever your fiber work of art, we’ve 
got the component solutions you’re 
looking for. Active devices. Connectors 
and assemblies. Couplers, multiplexers, 
and attenuators. Fiber management 
hardware, and more. Just the help you 
need to build, maintain, control, 
and reconfigure your fiber system. 
And all our products are designed 
to simplify and speed the job. 

Our data link modules are 
available in FDDI, ATM, and Fiber 
Channel versions, with industry-standard 
footprints and connector interfaces. 

Our couplers, attenuators, WDMs, and 
switches offer unique characteristics 
and a range of performance levels to 
meet your most demanding transport 



challenges. We offer a complete selection 
of fiber connectors - including advanced 
“crimp” styles that terminate in under 
two minutes with no epoxy, no risk of 
improper curing. And our fiber manage- 
ment systems accommodate any need 
you can imagine - provdding simplified 
access and control of complex network 
configurations. 

AMP is dedicated to the future of 
fiber- with over 500 people working to 
develop and produce the industry’s best 
optical interconnection systems. Frem 
the circuit board through the network, 
find out more about what we do, an^ 
what we can do to help. Just call. 


AMP is a trademark. 


For more information about AMP optical interconnection systems, call our Product Information Center at 
1-800-522-6752 (fax 717-986-7575). AMP, Harrisburg, PA 17105-3608. in Canada, call 905-470-4425. 




For More Information Write In No. 624 






D^. Now CW Blue Output 
from a Solid-State Laser. 

Coherent's New Directly Doubled Diode Laser System 
Delivers 1 OmW at 430nm. 

For years, inefficient gas lasers with 
limited lifetimes were the common 
choice for low power cw output in the 
blue region. The new laser’s optical 
efficiency is >20%, resulting in longer 
operating lifetimes and lower power 
consumption. 

With an M^<1.3 and beam pointing 
stability of <10prad/°C, the system pro- 
vides a focus of exceptional quality and 
repeatability. 

Enhanced detection sensitivity is 
another benefit of D\ Optical noise 


levels of <1% rms are up to 2.5 times 
lower than helium-cadmium lasers and 
other technologies. 

D’ runs on standard electrical service, 
drawing less than 30W. It is conveniently 
packaged as an integrated head and power 
supply measuring 490 x 120 x 86 mm. OEM 
versions as small as 265 x 95 x 84 mm are 
also available. 

To learn more about the new D"'-430, 
call Advanced Technical Sales today. 

1 - 800 - 527-3786 
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